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SUMMARY

L-O-S-T is a FORTRAN computer program that can be used to quantify,
analyze, and improve user selected harvesting methods. Harvesting times and
costs are computed for road construction, landing construction, system move
between landings, skidding, and trucking. Nonlinear harvesting relationships,
irregular boundary shapes, nonuniform timber densities, unequal distances
between multiple landings, variations in road construction conditions, changes
in trucking speeds, and harvesting restrictions (environmental, physical, and
time) can be analyzed. A linear programming formulation utilizing the rela-
tionships among marginal analysis, isoquants, and the harvesting methods is
used to estimate and select the harvesting procedure having maximum profits.
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L-O-S-T: Logging Optimization
Selection Technique

Jerry L. Koger and Dennis B. Webster

INTRODUCTION

An age-old problem for timber harvesters is that of
selecting the location for roads and landings that will
maximize profits. This complex problem is partially
due to: 1) nonlinear harvesting relationships, 2) non-
uniform terrain and timber characteristics, 3) irregu
lar tract boundaries with interior obstacles, and 4) the
lack of a general mathematical expression describing
total costs as a function of road densities, landing
spacings, skidding distances, and equipment mixes.

Existing Solution Techniques

One of the earliest mathematical attempts to mini-
mize harvesting costs was by Matthews (1942). To
simplify the problem, he assumed: 1) the forest
boundary could be approximated by simple geometric
shapes, 2) linear cost relationships, 3) equal spacings
between multiple landings, and 4) uniform slopes and
timber densities. Using an indirect method, Mat-
thews determined the optimum location of roads and
landings by using calculus to obtain the minimum of
unconstrained equations. Peters (1978) extended this
approach by developing a direct method to determine
optimum location of roads and landings. Although
Peters used most of Matthews’ assumptions, he
included landing costs and used a mathematically
accurate method developed by Suddarth (1952) for
determining average skidding distance. Corcoran and
Sammis (1975) developed a computer program to
solve the road and landing spacing equations devel-
oped by Matthews. Their computer program solves
two equations in two unknowns through a heuristi-
cally iterative procedure.

Operations research techniques were used very
early by Lussier (1960, 1961) to minimize harvesting
costs. He developed equations useful in determining
the optimum number of landings, the distance
between skid roads, and optimum skid road stand-
ards. Lussier also discussed several limitations on

using a strictly mathematical approach and in mak-
ing simplified assumptions in solving harvesting
problems.

Gibson and Egging (1973) developed a location-
allocation model for determining the optimal number
and location of landings when using rubber-tired skid-
ders. A truncated enumeration algorithm was used in
the allocation phase to search systematically for a
local optimum solution. Dynamic programming and a
branch and bound methodology were used to find the
global optimal solution.

Dykstra (1976) used mathematical and heuristic
programming to determine the design of individual
cutting units and the assignment of specific logging
equipment to each cutting unit. He assumed that
timber within each “type island” was homogenous
and uniformly distributed and that only cable sys-
tems would be used to harvest timber on clearcuts.
He also developed a digital model to portray topogra-
phy, timber conditions, and harvest restrictions.

Carter et al. (1973) developed a computer model to
determine the optimum spacings of roads and land-
ings. Their work involved minimizing harvesting
costs in the Rocky Mountain area where timber was
accessible either by contour work-roads or switch-
backs. An iteration solution technique was used to
find simultaneous zero points of the partial deriva-
tives of the road and landing spacing equations.

Several simulation models have been developed to
analyze timber harvesting problems. However, most
simulation models consider only a single landing and
are not specifically developed to determine the opti-
mum location of roads and landings. Several simula-
tion models [Forest Harvesting Simulation Model
(FHSM), Harvesting System Simulator (HSS), Simu-
lation Applied to Logging Systems (SAPLOS), and
Timber Harvesting and Transport Simulator
(THATS)] were evaluated by Goulet et al. (1980). 1

Weintraub and Navon (1976) developed a mixed
integer linear programming model to maximize dis-

Koger is a Reqearch Engineer with the U.S. Forest Service in Auburn, Alabama. Webster is a Professor in the Department of Industrial
Engineering at Auburn University.
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counted revenues from timber sales. Road construe-
tion and maintenance, timber management, and
transportation were considered. The model was devel-
oped as a tool for decision in long range forest plan
ning. Constraints were allowed on available capital,
quantity of timber harvested, haul capacity of each
road, and stand access. Kirby (1974) and Newnham
(1975) also developed mathematical programming
models useful in the long-range planning of harvest-
ing operations.

Objectives

Existing techniques have provided useful insights
into optimum timber harvesting strategies. For har-
vesting specific tracts of timber by ground-based
skidding systems, these models are limited. Realistic
harvesting costs often are not computed because
overly simplified assumptions are made concerning
stand boundary shapes, slopes, timber characteris-
tics, and harvesting methods. The objectives of this
study were to: 1) develop a computer program capa-
ble of determining realistic harvesting times and
costs for highly individualistic conditions, and 2) uti-
lize these harvesting times and costs, as well as har-
vesting constraints, in a unique linear programming
formulation to obtain maximum profits. This FOR-
TRAN computer model is titled L-O-S-T, an acronym
for logging optimization selection technique.

HARVESTING FUNCTIONS OPTIMIZED

Although the methodology used to compute har-
vesting times and the linear programming formula-
tion are general, the equations used to compute har-
vesting times are based on data collected in the Ten-
nessee Valley Region (fig. 1). Harvesting times and
costs are only calculated for road construction, land-
ing construction, system move between landings,
skidding, and trucking (fig. 2). Their relationships to
selecting harvesting methods and the linear program-
ming formulation are discussed in later sections.
Costs are not calculated for felling, bucking, and load-
ing (figs. 3 and 4) because those costs are not assumed
to be significantly affected by the locations of roads
and landings. The assumed general relationships
among various harvesting activities and harvesting
costs optimizations  are shown in figure 5.

Road Construction

Construction of truck roads within the harvest
boundary reduces skidding costs, but increases road
construction, landing construction, system move,
and trucking costs. In L-O-S-T, a road is considered
2s a low volume, temporary structure constructed
solely for removing trees. If a high volume road is

constructed with a design standard  or life expectancy
greater than that needed for timber harvesting, then
the cost of the road must be adjusted to reflect only
timber harvesting. The equation (Al, appendix 1)
used to compute road construction times was devel-
oped by Koger (1978) from data collected in the Ten-
nessee Valley Region.

Due to irregular terrain, construction conditions
are seldom uniform over the entire road network. In
order to determine more accurately construction
costs, the road can be divided into short segments.
These segments reflect differences in bank cubic
yards, road slope (grade), or construction problems
caused by rock or dense timber.

Although the number of bank cubic yards removed
for making the roadbed is a variable, it does not have
to be computed by the user. However, the user must
supply roadbed width, side-hill slope, cut-slope ratio,
and fill-slope ratio. This information is used in an
equation reported by Bowman et al. (1975) to calcu-
late bank cubic yards. Another variable, the number
of acres in the road right-of-way, is also calculated for
the user.

The construction of skid trails or skid roads for use
by rubber-tired skidders is not computed in L-O-S-T.
Skid road costs are assumed to be independent of the
locations of truck roads and landings.

Landing Construction and System Move

Landings are usually constructed in conjunction
with the road system, primarily as storage and load-
ing areas for the skidded trees. Increasing landings
decreases skidding costs, but increases system move,
landing construction, and trucking costs. The equa-
tion used to compute landing construction times is a
modification of the road construction equation (Al,
appendix 1). The landing size in acres is converted to
an “equivalent” road length based on an assumed
cleared road width of 26.7 feet. An average cleared
road width of 26.7 feet was observed in a study of
logging roadsin the Tennessee Valley Region (Koger
1978). A road construction condition factor of 3,000 is
used (variable X6). In addition, the depth of the cut to
level the landing site is assumed to be uniform across
the landing area.

System move costs are those involved in moving
equipment such as loaders, crawler tractors used for
decking or landing maintenance, and shop trucks to
the next landing. These costs are related to the dist-
ance and road condition between landings, the
amount and type of equipment, and the hourly cost of
the equipment and associated labor. Skidders may be
included if they travel unloaded to the next landing
site. Haul trucks are not included. If only one landing
is used, system move costs are assumed to be zero.
Move-in costs are not considered because they are



Figure l.-The Tennessee Valley Region (Tennessee, Kentucky, Virginia, North Carolina, Georgia, Alabama,  &  Mississippi).

assumed to be approximately constant with whatever
the locations of roads and landings.

In the linear programming formulation, landing
construction and system move times are considered
together. Since a relationship exists between these
two costs, it is perhaps easier to think of them jointly
rather than separately. Equation A5 (appendix 1) is
used to compute a weighted time for landing con-
struction and system move between landings.

Skidding

Skidding costs depend largely on skidding dist-
ance, which can be controlled through the locations of
roads and landings. Skidding costs decrease as the
density of roads and landings increases. The equation
(A3, appendix 1) used to compute skidding times was
developed by Koger (1976) for articulated, four-wheel
drive, rubber-tired skidders operating in the Tennes-
see Valley Region. The range of observed volumes
skidded in this region is shown in table 1 (appendix 1).
Techniques available to compute average skidding
distance are described in appendix 2. The differences

among average skidding distance, the distance
actually traveled by the skidder, and fixed skidding
distance are also discussed.

Trucking

Trucking over roads within the harvest boundary
reduces skidding costs but increases trucking, road
construction, landing construction, and system move
costs. The trucking speeds and load volumes shown
in tables 2 - 4 (appendix 1) are based on data collected
in the Tennessee Valley Region by Koger (1981). With
respect to the optimum location of roads and land-
ings, it is not necessary to compute trucking costs
from the mill to the edge of the harvest boundary.
This distance remains constant and is not affected by
the road density or trucking pattern inside the har-
vest boundary. However, trucking costs are com-
puted from each lauding to the mill or delivery point
because calculating these costs: 1) does not change
the optimum location of roads and landings, 2) may
alert the user to consider other routes from the mill to
the harvest boundary, and 3) provides the user with
an estimate of total trucking costs.

3



Figure 2.-Truck road construction, system moue between landings, skidding, trucking, and landing construction times are computed inL-O-S-T.

SELECTING HARVESTING METHODS

Method Selection

The user must determine either two, three, or four
different-but realistic-harvesting methods. These
different methods can be viewed as harvesting or
transportation plans. As a rule this requires drawing
the boundary, stand densities, harvesting restric-
tions, road and landing locations, and skidding pat-
terns on a topographic map. The methods should be
selected so that road density (or road length) is at a
minimum for the first method and at a maximum for
the last method. Intermediate methods should be
between these limits. Truck roads can be divided into
segments to reflect differences in sidehill slope, road
slope (grade), road width, or other construction fac-
tors. The size, construction condition, and distance
from the harvest boundary is needed for each landing.
The skidding pattern must be determined for each

area and all landings. An area is a subdivision of a
stand and its boundary is used in determining aver-
age skidding distance. Areas should be numbered
consecutively within a stand and numbered so that
no two areas have the same area number. An area can
be subdivided into two or more new areas to reflect
changes in skidding patterns among landings for dif-
ferent methods. The complexity of harvesting prob-
lems and the level of detail or realism required by thf
user is reflected in the number of areas selected.

Types of Harvesting Plans

L-O-S-T is capable of analyzing most ground-based
plans including: 1) single road extension, 2) variable
landing spacings along a fixed road length, 3) parallel
roads, 4) multiple contour roads, 5) spur road exten-
sions from major roads, and 6) climbing roads with
switchbacks. The only requirement for analyzing any
harvesting plan is that some relationship of road

4



Figure 3.-Felling, bucking, skid rood construction, and bunching times are not computed in L-O-S-T.

length and skidding exists between adjacent harvest-
ing methods: From a silviculture perspective these
harvesting plans could be for individual tree selec-
tion, group selection, diameter limit, financial matu-
rity, or clear cuts. Once a cutting practice has been
selected for an area in one method, it must remain the
same in all the remaining methods. More than one dif-
ferent cutting practice may be used within a stand or
harvest boundary.

OPTIMIZATION METHODOLOGY

Linear Programming Formulation

After the hours required for road construction,
landing construction, system move between landings,
skidding, and trucking have been calculated for each
method, they are utilized in a linear programming
formulation (equations 1 - 6). The formulation deter-

mines the proportion (X)  of each method that should
be used. The formulation used in L-O-S-T is a slight
modification of McCarl’s  (1979) and is also very simi-
lar to those developed by Allen (1956) and Chiang
(1974).

Maximize: Z = P&o - CC,H, (1)

Subject to: Qo-  C&J,,, 20 t4

CXi,h, -Hi 50 (3)

Q”  cx
=F (4)
=m 6)

Hi
zbi (6)

Qo,  Q,,  ‘,, Hi  ~ 0
where: Z = objective function

P = delivered price of the harvested timber (ie. $1
1,000 board feet)
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Figure &-Decking, loading, move-in, and unloading times are not computed in LO-S-T.

TOTAL COST

MINIMUM COST POINT

TRUCK ROAD
CONSTRUCTION

SYSTEM MOVE
LANDING CONSTRUCTION

SKID  ROAD CONSTRUCTIO
LOADING E UNLOADING

UCKING

LENGTH OF CONSTRUCTED ROADS (FEET)

Figure B.-Assumed harvest cost relationships with respect to the
optimum location of roads and landings (Note: fixed
costs lines are in an arbitrary order).

Figure C-Relationships among isoqunnts,  activity rays,  and hap
vesting functions.
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QIt  = volume of timber harvested (ie. board feet)
Ci = hourly equipment and labor cost for the i th

activity (i= 1 for road construction, i = 2 for
landing construction and system move, i= 3
for skidding, and i = 4 for trucking

Hi = the total number of hours of the i th activity
used by all harvesting methods

X, = the proportion of the m th method used to
harvest the total volume of timber (a decision
variable)

X,= the number of hours for the i th harvesting
activity of the m th method

bi = maximum number of hours allowed for the i th
harvesting activity

Formulation Explanation

The relationships among the formulation (equa-
tions 1 - 6), harvesting times, and harvesting meth-
ods are shown in figure 6. Assume that a boundary of
timber can be harvested by one of four methods (Ml,
M2, M3, or M4). For simplicity in graphing, only the
harvesting activities of skidding (the hours required
are mapped on the OS axis) and road construction
(the hours required are mapped on the OR axis) will
be considered. The volume of timber harvested is
constant and represented by the isoquant BC, Fewer
hours of skidding are required as the hours of road
construction increases. The harvesting methods can
be considered as activity rays (OMl,  OM2, OM3, &
OM4) with four activity vectors:

Each activity vector shows a distinct input ratio
capable of yielding a constant volume of harvested
timber (isoquant BC). Thus, Pl indicates that method
1 (Ml) is used to harvest all of the timber. This formu-
lation assumes that it is also possible to harvest tim-
ber in various convex combinations such as:
(%Pl + %P2).

This means that a new method can be determined
which uses l/4  of the skidding hours of method 1, plus
% of the skidding hours of method 2, plus ‘/4 of the
road construction hours of method 1, plus 3A of the
road construction hours for method 2. Graphically,
this means that the ratios for the combined processes
must lie on the dashed line segments (PlP2, P2P3,
P3P4). Assume that the optimum combination of
skidding and road construction hours is at point Kl
on activity ray OK. Due to the convex nature of the
production function represented by the isoquant BC,
point Kl is not on BC. The difference between Kl and
K2 on the activity ray OK represents the error
involved in attempting to solve a nonlinear convex
production function with a linear approximation.

0 R O A D  C O N S T R U C T I O N  H O U R S

:TION

Figure I.-Error  relationships involved in using the formulation.

This error is not considered to be significant; its rela-
tionships to the formulation, harvesting methods,
and harvesting costs are shown in figure ‘7. The for-
mulation will pick. only one method or a linear convex
combination of adjacent methods (Allen 1956; Chiang
1974).

The assumptions of linear ‘programming (additiv-
ity, linearity, divisibility, finiteness, and single-value
expectations) are basically those used in the tradi-
tional margi.nal analysis of the firm. For timber har-
vesting, a specific method has a constant and linear
proportionality between hours worked and volume
harvested. Fractional hours worked can result in a
fractional volume harvested. Finiteness means there
are limits to the number of hours permitted to har-
vest a boundary of timber. The single-value expecta-
tion assumption assumes realistically that the quan-
tity of timber harvested and its selling price is
known. Another basic assumption is that the volume
of timber harvested is not dependent on the harvest-
ing method. This results in a fixed output indepen-
dent of the number of hours required for road con-
struction, landing construction, system move, skid-
ding, and trucking.

7



HARVESTING EXAMPLE PROBLEM

Problem Description

An example problem has been developed to help
illustrate the procedures used to select different har-
vesting methods, data input requirements, linear
programming formulation, and program output. Spe-
cifically, the problem is to maximize profit by deter-
mining the least cost harvesting method for the
boundary of timber shown in figure 8. The timber is
to be harvested by a crawler tractor, two rubber-tired,
cable skidders, and two trucks (table 5, appendix 3).
Selected equipment weight and horsepower charac-
teristics are given in appendix 4. The problem is suffi-
ciently realistic to be interesting and complex’enough
to prevent the formulation of a general mathematical
expression that could be differentiated to obtain mini-
mum costs. The complexity of the problem is
increased by: 1) an irregular boundary, 2) nonuniform
timber densities or timber stands (fig. 9), 3) elevation
changes, 4) restrictions on streambed crossings, 5)
unequal costs for different road segments and land-
ings, 6) unequal distances between landings, 7) nonli-
near skidding costs, 8) decreases in truck travel
speeds as the length of the road constructed inside
the harvest boundary increases, and 9) restrictions on
the time permitted for road construction (120 hours)
and skidding (600 hours).

Harvesting Methods for the Example Problem

For the first method, a woods road was con-
structed 350 feet inside the harvest boundary and one
landing constructed at location A (fig. 10). All the
areas were skidded to this landing. Compared to the
other methods, this method minimizes costs for road
construction, landing construction, trucking, and

system move, but maximizes skidding costs. For the
second method, a woods road was constructed 2,525
feet inside the harvest boundary and landings con-
structed at locations A and B (fig. 11). Areas 1,3,  and
4 were skidded to landing A and the remaining areas
skidded to landing B. It is important to recognize
that areas can be subdivided to reflect changes in
skidding patterns for different methods. For exam-
ple, area 2 used in method 1 was subdivided into
areas 3 and 6 for method 2. Area 3 was skidded to
landing A, but area 6 was skidded to landing B. For
the third method, a woods road was constructed
3,875 feet inside the harvest boundary and landings
constructed at locations A, B, and C (fig. 12). Areas 1,
3, and 4 were skidded to landing A and areas 5,6,7,8,
and 9 skidded to landing B. The remaining areas were
skidded to landing C. For the fourth method, a woods
road was constructed 6,775 feet inside the harvest
boundary and landings constructed at locations A, B,
C, and D (fig. 13). Areas 1, 3, and 4 were skidded to
landing A; areas 5, 6, 7, 8, and 9 to landing B; areas
10, 11, 15, and 19 to landing C; and areas 16, 17, 20,
21,22,  and 23 to landing D. Area 18 in methods 1 - 3
was subdivided into areas 19 and 20 to reflect
changes in skidding patterns for method 4. Compared
to other methods, this method minimizes skidding
costs, but maximizes road construction, landing con-
struction, system move, and trucking costs. A sum-
mary of several calculated and assumed values for
each of these methods is given in appendix 3 (tables
6-11).

Data Input

For each method selected, specific input informa-
tion is required on road construction, landing con-
struction, system move between landings, skidding,
trucking, and equipment costs. Sixteen data “card

Acres: 283
Map Scale: 1”:660’

-  -  Bomd~ry  Lin*
0 B o u n d a r y  Comm  ( I - S )
0 Landinp  Localion  (propmod:  A-D) I woodsYhdzsagmml(*--/)
“f  z;ozMd  Location (proposed) APumiWstnwnkd

Figure &-Harvesting example problem.
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types” are required for each analysis of a boundary of
timber to be harvested. An additional card type is
required if constraints are placed on the number of
hours allowed for any of the pertinent harvesting
activities. These different card types are described in
detail in appendix 5. The complete input data used to
analyze the hypothetical example is shown in appen-
dix 6. The values shown for average skidding distance
were based on the harvest patterns for the different
areas and landing locations in figures 10 - 13. Aver-
age skidding distances were determined using a
BASIC program written for use on an HP 9830A’
calculator and HP 9864A digitizer. ’

Output Analysis

The computer output for the harvesting example
problem is shown in appendix 7. The output consists
of: 1) an echo check of the input data, 2) harvesting
times and costs, and 3) the linear programming solu-
tion and sensivity analysis.

Road construction times and costs, the number of
bank cubic yards, and acres cleared for the road-right-
of-way are given for each segment. Road construction
costs are: $170 for method 1 ($2,565 per mile); $1,061
for method 2 ($2,219 per mile): $1,625 for method 3
($2,214 per mile); and $2,910 for method 4 ($2,268 per
mile). The easiest way to modify road construction
costs without changing the road design or road con-
struction equipment characteristics is through the
input variable ROADTY (card type 10, appendix 5).
Although guidelines are provided for estimating
ROADTY, a value should be selected that gives

‘The use of trade or corporate names is for reader association and
convenience. Such does not constitute an official evaluation, con-
clusion, recommendation, endorsement, or approval of any product
or service to the exclusion of others which may be suitable.

reasonable cost estimates based on the user’s experi-
ence or modeling needs.

Landing construction and system move times and
costs are computed for each landing. Landing con-
struction costs are: $56.27 for method 1; $89.64 for
method 2; $118.73 for method 3; and $150.83 for
method 4. The simplest way to influence landing con-
struction costs without changing the landing design
or landing construction equipment characteristics is
through the input variable EFFL (card type 12,
appendix 5). System move costs are: $0.0 for method
1; $101.26 for method 2;.$192.39  for method 3; and
$303.78 for method 4.

Skidding times and costs are computed for each
skidder on each area and summarized by area, land-
ing, and method. The number of cycles and average
cycle time are also given. The skidding costs are:
$28,769.13 for method 1; $18,076.16 for method 2;
$15,471.31 for method 3; and $10,950.56 for method
4. The easiest way to modify skidding times without
changing skidder characteristics, skid load volumes,
or skidding distances is through the input variable,
AD (card type 13, appendix 5).

In addition to skidding times and costs, average
skidding distance, fixed skidding distance, and
weighted actual travel skidding distances are summa-
rized by landing and method. In most cases the great-
est potential for reducing skidding times is through a
reduction of average fixed skidding distance. In the
harvesting example problem, average skidding dist-
ance only decreased from 686 feet for method 1 to 550
feet for method 4. However, average fixed skidding
distance decreased form 4,296 feet for method 1 to
759 feat for method 4. This drastic reduction in aver-
age fixed skidding distance was largely responsible
for skidding times decreasing from 659.75 hours for
method 1 to 264.83 hours for method 4. Weighted
average travel skidding distance is computed by mul-

Harve*l  Bolmdafy  Line
f&eie:  1”  9 660’

TOId  ma : 253
Total  H a r v e s t  V o l u m e :  567,500  B o a r d  F e e t  (#”  ht.)

Figure  O.-Stand densities and acres for the harvestingproblem.



Landing  Construction:
Lendinp  ot A

Figure lO.-Road,  landing, and area locations used in method 1.

tiplying  average skidding distance by the skidding
correction factor for each area. This product is added
to to the fixed skidding distance on each area and
then multiplied by the volume for that area in order
to obtain a weighted value.

The number of acres and volume of timber har-
vested for each method are provided as information
and as checks on the accuracy of data input. The
number of acres for each method must be the same
and the volume harvested for each method must be
the same. In this example, 283 acres and 567,500
board feet (VI  ’ Int.) were harvested for each method.
The linear programming formulation requires that an
equal volume of timber be harvested in each method.

Trucking times and costs are shown for each truck
and are summarized by landing and method. In addi-
tion, cycle times and number of loads required for
each truck are given. Trucking costs for each method
are: $17,182.48 for method 1; $17,913.40  for method
2; $18,277.16 for method 3; and $18,774.91  for
method 4. In this case the construction of four land-
ings and 6,775 feet of woods roads only increased
trucking costs by $1592.43.

A method summary giving the hours, costs per
harvesting unit for each function, total costs, and
total costs per harvesting unit is provided in the out-
put. The total harvesting costs per thousand board
feet ( ‘/ ’ Int.) for road construction, landing construc-
tion and system move, skidding, and trucking are:
$81.37 for method 1; $65.62 for method 2; $62.79 for
method 3; and $58.31 for method 4. The hours
required for each harvest function considered in L-O-
S-T are shown in table I and are used to illustrate a
numerical example of the linear programming formu-
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lation (equations 7 - 16). The formulation can also be
seen in the output (appendix 7) as the first iteration of
the linear programming tableaus.

Table I.--Harvest hours for the four methods

Harvest Method 1 Method 2 Method 3 Method4
Function (hours) (hours) (hours) (hours)
Road construction 7.86 49.07 75.12 134.65
Landing construction

& system move 0.78 2.64 4.31 6.29
Skidding 695.75 437.15 374.16 264.83
Trucking 429.56 447.83 455.68 469.37

After 18 iterations the optimum linear program-
ming solution consisted of 24 ‘JJo  of method 3 and 76%.
of method 4. The optimum method (not a global opti-
mum) used 120 hours of road construction, 5.8 hours
of landing construction and system move, 292 hours
of skidding, and 466 hours of trucking. The linear
programming solution does not give the exact physi-
cal location of the roads, landings, and skidding pat-
terns. However, the output Can be used to help locate
the road, landings, and skidding patterns for a new
method consisting of 24% of method 3 and 76% of
method 4. Since 102.2 hours were required to con-
struct the road to the end of segment  h-i, then 17.8
hours (120.0-102.2) or 909 feet of segment i-j can be
constructed. The road should be constructed 2,159
feet beyond landing C. Landing D would be located
6,034 feet from the harvest boundary; whereas it was
originally located 6,775 feet. The skidding patterns
would stay the same for landings A and B, and proba-
bly C. However, the skidding patterns would change
for landing D. If another computer analysis tiere
made in order to obtain a better estimate, then meth-



Figure 11  .--Road, landing, and area locations used in method 2.

Linear progr amming equations for the harvesting example problem:

Maximize 2:
$95.00 Qo ‘$21.63 H, - $72.26 H2  - $41.35 H, - $40.00 H,

1.00 Q,, - 567.60 Xc - 567.50 At - 567.50 A, - 567.50 A,

7.86 A, 49.07 x1 75.12 A, 134.55 A, - 1.00 H,

0.78 A, 2.64 A, 4.31 A, 6.29 A, - 1.00 Hz

696.75 A, 437.15 XI 374.16 X, 264.83 X, - 1.00 H,

429.56 A, 447.83 A, 455.68 A, 469.37 A,

1.00 Qo 0.00 A, 0.00 x2 0.00 A, 0.00 A,

1.00 x, 1.00 x2 1.00 A, 1.00 A,

2 0.00 (81

f 0.00 (9)
5 0.00 (10)
2 0.00 (11)

.I.00 H, 2 0 . 0 0  ( 1 2 )
<
= 667.50 (13)

(volume)

5 1.00 (14)
(methods)

<
= 120.00 (15)

(road
construction)

2 600.00 (16)
(skidding)

1.00 H,

1.00 H,

where: Qo, &,,,, Hi 2 0

(7)
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ods 1 and 2 should be eliminated. Two new methods
should be selected between the original methods 3
and 4. The original method 3 would become the new
method 1. By keeping two of the original methods,
the amount of new input data needed is reduced and
the search area can be systematically analyzed.

Harvesting costs for the optimum method were
$59.41 per thousand board feet ( M’ Int.). If the con-
straint on road construction (120 hours) were not
binding, then all of method 4 could have been used
and harvesting costs would have been $58.31 per
thousand board feet. Binding constraints always
cause an increase in costs. However, the optimum
method selected by the linear program (24% of
method 3 and ‘76% of method 4) is still better than the
method 1 ($81.37), method 2 ($65.62),  or method 3
($62.79).

The sensivity analysis in L-O-S-T consists of pen-
alty costs, shadow prices, and ranges on all the cost
coefficients and constraints. The formulation used in
L-O-S-T and the original input format of the linear
program algorithm make it difficult to correlate the
variable codes in the sensivity analysis with the cor-
rect harvesting costs and constraints. However,
users familiar with sensivity analysis should be able
to interpret these results in L-O-S-T. In this formula-
tion shadow prices are always zero because all the
timber can be harvested by the number of hours com-
puted for each method. The hourly costs of the har-
vesting functions are always non-basic. In this exam-
ple, the hourly cost of road construction can increase
from $21.63 to $64.43 without changing the optimum
solution. This implies that the same road could have
been constructed to a higher standard or that more
roads should be constructed. The method summary
costs also indicated that more roads and landinns

LIMITATIONS

The linear programming solution calculated in L-O-
S-T is not a global optimum or the absolute best of all
possible harvesting methods. The program deter-
mines the “best” method based on the methods sup-
plied by the user. Equipment interactions resulting in
production delays are not calculated by the program.
The effects of equipment interactions must be sup-
plied indirectly by the user through equipment effi-
ciency and area difficulty factors. Harvesting costs
are calculated only for road construction, landing
construction, system move between landings, skid-
ding, and trucking. While this does not limit the
optimization process, an estimate of total harvesting
costs is not provided.

EXECUTING L-O-S-T

L-O-S-T is written in FORTRAN IV and is being
run under WATFIV on an IBM 3031 at Auburn Uni-
versity. With a modest amount of additional effort,
the program could be converted for use on similar
computer systems. The example problem described in
this report required 264K of storage, used 3.38 sec-
onds of CPU time, and cost about one dollar to run.
The FORTRAN source statements used in L-O-S-T
are shown in appendix 8. A punched and interpreted
source deck (1,914 cards) can be obtained from: Engi-
neering Research Unit, G. W. Andrews Forestry Sci-
ences Laboratory, U. S. Forest Service, Devall Street,
Auburn Universitv, Alabama 36849. Phone (205) 887-
7542, (FTS) 534-4ji8.should be constructed.

Figure l2.-Road,  landing, and area locations used in method 3.
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RESULTS AND DISCUSSION

A two-part methodology has been developed to
analyze user selected harvesting methods. The first
part of this methodology considers very specific and
realistic harvesting conditions: terrain features,
boundary shapes, roads, landings, skidding patterns,
and environmental restrictions. Harvesting times
and costs are computed for road construction, land-
ing construction, system move between landings,
skidding, and trucking. The second part of the metho-
dology uses these harvesting times in a linear pro-
gramming formulation. The formulation utilizes the
relationships among the harvesting methods to esti-
mate and select the harvesting procedure having
maximum profits.

Since the analysis performed by L-O-S-T depends
on the harvesting methods selected by the users, it is
important that users have some knowledge and
experience in developing harvesting plans. Time and
effort spent in selecting realistic harvesting plans will
enable the output from L-O-S-T to be used with
greater confidence by managers of harvesting opera-
tions.

L-O-S-T does not provide a global optimum with
each computer analysis. Theoretically, the procedures
used would, through repeated computer runs, find the
ultimate harvesting method having maximum prof-
its. L-O-S-T does provide a local optimum and a
wealth of information for selecting a better harvest-
ing method. Searching for the elusive global optimum
has some academic merit; however, selecting feasible
harvesting plans and then systematically quantify-
ing, analyzing, and improving them has greater prac-
tical applications.
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Appendix l-Harvesting Equations, Data, and Cost.Relationships

HARVESTING EQUATIONS AND DATA

road construction equation: (Koger, equation 3, pg 30, 1978)
e

0.5

xl
35 [ 1X2/(X3X4) +

T=

x7

where : T = predicted road constructed time in hours
Xl = road length in feet

ii:
= number of bank cubic yards per 1,000 feet
= slope correction factor estimated by:

of road length

2
1.000 - (% road slope/lOO) - 0.0001952 (%

note: % road slope (+, -> is in direction

road slope/lOO)

of road construction

x4 = net horsepower of crawler tractor (Table 1 2, Appendix 4)
X5 = number of acres of cleared road width per 1,000 feet of road length

(Al)

x6 = road construction difficulty factor with suggested values of:
10 for high volume truck road or low volume road constructed

adverse conditions
500 for low volume truck road constructed under average

conditions
1,000 for low volume skid road constructed under average

conditions
2,000 for upgrading existing low volume skid road under average

conditions
3,000 for low volume landing constructed under average conditions

note: intermediate values (ie. 520, 750) can be used

x7 = (equipment availability)(equipment utilization), with suggested
values of:
0.50 for low availability and utilization
0.85 for average availability and utilization
0.95 for high availability and utilization

note: only the variables Xl, X4, x6, and Xi’ are required as user supplied
inputs . The variables X2, X3, and X5 are calculated by the program.

.
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rubber-tired skidder equation (Koger,  equation 2, pg 31, 1976)

T = (travel empty + travel loaded + fixed cycle tim)/efficency (A21

.

T=
a b c d e f g

A B C (l+D) E (l+sin(F)) G
h i

H I

j k 1
0.00005166 J A B (1-a~ En WsinMWO  Gp +

q r s
H C I

K 1 1
L

(A31

-where : T = cycle time in minutes
A = one-way skidding distance in feet
B = radius of curvature in feet (used average study value of 483.99)
C = net skidder horsepower (Table 13, Appendix 4)
D = rut depth in inches (used average study value of 6.26)
E = harvest elevation in feet (used average study value of 1,547.13)
F= trail slope in degreestmeasured  in travel loaded direction)
G = empty skidder weight in pounds (use constant of 20,400)
H= cone index of soil (used average study value of 192.23
I = arc length in feet (used average study value of 131.59)
J = board feet per cycle (l/4 *( Int.)
K = fixed time per cycle in minutes for hooking, decking, etc.
L = (equipment availability)(equipment  utilization), or

equipment efficiency

exponents a through s:
a=l,022449;  b=3.549048;  ~~1.317563;  dz0.223969;  ez0.180727
fz2.156775;  gsO.177384;  hz0.183381;  iz6.943695;  j=O.l10305
k=1.098034;  1~3~472234;  m=0.116935; n=0.098604;  o=O.681159
p&234567; q=O.O67053;  r=3.157504;  s=7.456998

note: Variables B, D, E, G, H, and I remain constant in the program and do
not have to be supplied as inputs by the user.
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Table l.--Observed  skidding volumes by horsepower*

Horsepower

VOLUME PER CYCLE WHEN MEASURED AS:
Pounds Board Feet:+"  Int. Cubic Feet Cords

LOW High Mean Low High Mean Low High Mean Low High Mean

70 2,205 7,080 5,266 87 617 410 29 117 83 0.3 1.21 0.90

80 3,141 7,129 5,278 233 741 471 43 120 81 0.54 1.21 0.90

92 4,032 6,921 4,987 350 666 464 67 108 82 0.69 1.18 0.85

94 815 19,188 8,124 23 2,403 861 14 294 119 0.14 3.28 1.39

112 2,983 25,450 8,416 141 2,260 715 51 361 128 0.50 4.35 1.44

120 5,005 20,226 12,822 5O3 2,142 1,334 al 310 199 0.86 3.46 2.19

147** 4,120 7,095 5,468 419 776 575 71 122 94 0.70 1.21 0.93

165++ 4,808 5,503 5,155 445 522 484 83 95 89 0.82 0.94 0.88

l (Koger,  Table 6, pg 22, 1976)

** Did not observe &en stand conditions permitted high volu& skidding.



trucking equation

The following equation is used to calculate truck cycle time from landings
to the delivery point (mill).

Y. =o + 0 +l j -  -’
s;

‘i X i + Ki

J

where: Y. i =1J

Fj
J

CEj’l+Ci)‘/2 (Lj(l+ciW2

round trip truck time in hours from the i th landing
for the j th truck

o=

sj =
F . =

J
xi =

E . =
J

ci  =

one-way distance in miles over roads outside the
harvest boundary
average empty travel speed in miles per hour for the j th truck
over sections outside the harvest boundary (woods to mill)
average loaded travel speed in miles per hour for the j th truck
over sections outside the harvest boundary (woods to mill)
distance in miles from beginning of harvest boundary to
the i th landing
empty travel speed in miles per hour over the woods road for
the j th truck
ratio of ending travel speed to beginning travel speed_ -

L.
as measured from beginning of harvest boundary to the i th landing

J
= loaded travel speed in miles per hour over the woods road for

the j th truck

Kj
= fixed time per cycle in hours for the j th truck

(A41

trucking data

Table 2.-- Average truck speed versus road type*

Average Average
Empty Loaded
Speed Speed

Type of Road (mph) (mph)

woods 8 4
Gravel 16::3

5.35
13.89

Two-lane black top 38.76 33.78
Interstate 55.00 45.82
city 23.97 21.44

3 (Koger,  Table 1, pg 5, 1981)

18



Table 3 .--Load characteristic for trucks hauling logs
(or tree-length stems)*

Truck Description

Average Average Average Average
Number Length VolurIE Volume

of logs (feet) (Doyle) (l/41f Wt.)

Single-Axle (1.5-ton) 8
:0

13.6 1,313 1,752
Tandem-Axle (1 drag) 12.9 1,937 2,584

Tandem-Axle (2-ton) 25 13.0 2,018Tri-Axle (1 drag) 15.2 2,643 ;';2
Four-Axle (&drag) 22 11.7 3,276 4:370
Tractor-Trailer (logs) 43 14.5 3,868 5,160
Tractor-Trailer (stems) 35 36.9 4,222 5,632

3 (Koger, Table 2, 6,pg 1981)

Table 4 .--Load characteristics for trucks hauling pulpwood
(bolts, 21-foot  stems, or tree-length stems)*

Truck Description

Single-Axle (0.75-ton)
Single-Axle (l-ton)
Single-Axle (1.5 ton)
Tandem-Axle (I drag)
Tractor-Trailer
Tandem-Axle (2-ton)
Tri-Axle (I drag)
Tractor-Trailer

Type of Load

Pulpwood bolts (5' 3")
Pulpwood bolts
Pulpwood bolts
Pulpwood bolts
Tree-length
21-foot  stems
21-foot  stems
Pulpwood bolts

Average
vqaxne
(cords)

1.5
2.1
4.6

27'

* (Koger, Table 3, pg 6, 1981)

HARVESTING COST RELATIONSHIPS

Landing Construction and System Move

In the linear programming  formulation, landing construction and system move

times and costs are considered together. The following equation is used to com-

pute a weighted time for landing construction and system moving.

WH= (SL + SM)/(HL  + HM) (A5)
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Where: WH = weighted number of hours for landing construction and
sys tern move

- sum of
gi 5 sum of
HL = hourly
HM= hourly

landing construction costs for this method
system move costs for this method
landing construction costs
system move  costs

Multiple Equipment

In many cases multiple crawler tractors, skidders, or trucks may be used.

For example, two rubber-tired cable skidders may be used on the same boundary to

skid trees to the landings. Equation A6 is used to compute total time under

these conditions. This equation is used for multiple equipment involved in road

construction, skidding, or trucking, but not for landing construction. Only one

crawler tractor is allowed to construct landings, although two or more are

involved in road construction.

T = 1
1 + 1  + . . . . +  1- -
Hl H2 Hn

(A61

where: T =
H,  =

H2 =

H, =

hours required if all equipment (ie. skidders) uorked  together
hours required if this harvesting activity were done entirely by
the first machine
hours required if this harvesting activity were done entirely by
the second machine
hours required if this harvesting activity were done entirely by
the last machine

Equipment Interactions and Efficiency

Equipment interactions resulting in production delays are not directly con-

sidered. However, an equipment efficiency factor which considers utilization is

available and can be used to model indirectly the effects of delays caused by

equipment interactions. Equipment efficiency can be estimated or calculated by

the following equation.

E = AU
where: E = equipment efficiency (decimal value greater than 0)

A= equipment availability (decimal)
u = equipment utilization (decimal)

(A71
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Labor and Equipment Costs

Harvesting costs computed in L-C-S-T are based on only the harvesting func-

tions considered in the optimization analysis (road construction, landing

construction, system move between landings, skidding, and trucking).

Hourly labor cost includes the base wage rate plus social security and

workmen’s compensation. Hourly equipment costs include fixed and operating

costs based on a scheduled hour. Miyata (1980) discusses fixed and operating

costs for timber harvesting equipment and provides several examples of the dif-

ferent methods available. The following equation reported by Nichols (1962)

is a simple rule-of-thumb method that can be used to determine the approximate

scheduled hourly cost of timber harvesting equipment used in L-C-S-T.

c= O.o003(P> (AN

. where: C = hourly equipment costs (excluding labor)
P = purchase price of equipment or purchase price of an equivalent

piece of new equipment

J
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Appendix Z-Determining and Using Skidding Distances

Determining Skidding Distance

In L-O-S-T, a distinction is made between average skidding distance (ASD),

average travel distance (ATD), and fixed skidding distance (Figure I). ‘Ihe

equations developed by Suddarth (1952) for average skidding distance on simple

geometric shapes are shown in Figure II. Greulich (1980)  extended this and

included the influence of slope on the equations he developed for average

skidding distance on areas with simple geometric shapes. For irregular shaped

areas, average skidding distance can be accurately computed using a desk-top

programmable  calculator and digitizer (Peters and Burke 1972).

In most cases there is very little difference between the values obtained

for average skidding distance using the mathematical equations derived by

Suddarth (1952) and those obtained by determining the straight line distance

from the landing to the centroid of the area. For example, if the landing is

located at the corner of a mile square area, then the average skidding distance

computed by Suddarth’s equation is 4,040.23 feet. The  straight line distance

from the landing to the centroid (2640,264O)  of the area is 3,733.52 feet. A

simple graphical method for estimating average skidding distance on irregular

shaped areas is shown in Figure III.

While average skidding distance has an exact mathematical definition

(Suddarth 1952),  its use, nevertheless, represents a simplification of the

skidding process. If average skidding distance is used, then all the trees on

the area are essentially assumed to be located an equal distance (average

skidding distance) from the landing. However, trees are scattered over the area

and skidding usually starts near the landing and proceeds to the farthest boun-



dary of the harvest area. A more accurate estimate of skidding cycle time can

be obtained by integrating the skidding equation (A31 over the range of

skidding distances. Similarly, using an average skidding cycle volume rather

than the range of cycle volumes causes equation A3 to underestimate

skidding times. In L-O-S-T, users have the options of using average values for

skidding distance and volume or their ranges. For simplicity reasons, the

simplifed  version (A101 of the skidding equation will be used to illustrate the

integration procedures (All) available in L-O-S-T,  given below.,

Y = travel empty time + travel loaded time + fixed time

1.022 1 .og8 0.11
Y= 0.0027(X) + 0.00088(x) (VI +K

where: Y = cycle tima  in minutes for articulated, four-wheel drive,
rubber-tired skidders in the 70 to 130 horsepower range

X = one-way skidding distance in feet
v= cycle volume in board feet (14 Int.); must be reasonable for

skidder size and skid trail conditions (Table 1, Appendix 1)
K = assumed fixed time (minutes) per cycle for hooking, decking,

/

b 1.022 b d 1 .og8 0.11
Y = 0.0027 (Xl dx + 0.00088 (Xl (VI dxdv

b-a a //(b-a)(d-c)  a c

+K

where: Y = skidding cycle time in minutes
a = lower limit on skidding distance in feet
b = upper limit on skidding distance in feet

- lower limit on skidding volume in board feet (WI Int.)
:I- upper limit on skidding volume in board feet ( l/411  Int. )
x = skidding distance, feet
v= skidding volume, board feet (l/4*’  Int. >

d x = derivative of Y with respect to X
d v = derivative of Y with respect to V
K= fixed time  per cycle in minutes for hooking, decking, etc.

(A91

(A101

etc.

(All)

Actual Travel Distance

Due to terrain features (steep slopes, streams, rocks, soft ground) and to

stand characteristics (large stumps, dead snags), the distance actually traveled

by the skidder from the landing to the tis is rarely ever equal  to the
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straight-line value computed for average skidding distance. Koger ( 1976) found

that a correction factor of 1.86 was needed to adjust average skidding distance

to the actual travel distance. The user can supply this correction factor

(1.86) or one pertinent to area conditions through the input variable, AC

(card type 13, Appendix 5). In most cases, if some correction factor is not

used, skidding costs will be significantly underestimated.

Fixed Skidding Distance

In most cases an area (Figures lo-131 will not be adjacent to a landing.

The distance traveled by the skidder from the landing to reach the area boun-

dary is referred to as the fixed skidding distance. This value must be calcu-

lated or estimated by the user and coded in the input data (variabale AF, card

type 13, Appendix 5).

: Actual pml distance 88I

’ Harvest Boundary

25

Figure I .--Relationship among average skidding distance, actual travel

distance, and fixed skidding distance



AVERAGE SKIDDING DISTANCE (ASD)
FOR SIMPLE GEOMETRIC SHAPES

CIRCLE (Suddorth 1952) CIRCULAR SEGMENT (Suddarth  1952)

RIGHT TRIANGLE (Suddarth 1952) ANY TRIANGLE (Peters  1978)

L a n d i n g -

RECTANGLEBuddarth  1952)

Where.  In = natural log. base e : tan = tangent : arcton  = arctangent

Figure II. --Average skidding distance equations for areas with simple

geometr ic  shapes
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MAP BOUNDARY

e---a
I<wR;S;----4

/’
\I

I
I

:
I

?
BOUNDARY i\

\
\
\ HARVEST
\
\ AREA
\
ti
'4, LANDING 1

----,- c-----------1, 0'-0)

SMALL PLUM BOB

STEP 1: DETERMINE HARVEST BOUNDARY AND
LANDING LOCATION.

STEP 2: SEPARATE HARVEST AREA FROM MAP
BY CUTTING ALONG HARVEST
BOUNDARY LINE.

STEP 3:MAKE  TWO SMALL HOLES NEAR
MARGIN OF HARVEST BOUNDARY
(AGB). SEPARATE FROM LANDING
BY ABOUT l/3 BOUNDARY CIRCUM-
FERENCE.

STEP4: PLACE A NEEDLE IN HOLE AT LOCA-
TION (A) AND MAKE SURE THAT
HARVEST AREA CUTOUT ROTATES
FREELY ABOUT THE NEEDLE AXIS.
ATTACH A SMALL PLUM BOB TO NE-
EDLE AND MARK PLUM LINE ON
CUTOUT. REPEAT THIS PROCESS AT
@CATION  (8).

STEP 5: THE CENTROID  -OF THE HARVEST
AREA WILL BE AT THE INTERSEC-
TION OF THE TWO PLUM BOB LINES
(C). MEASURE THE DISTANCE FROM
POINT C TO THE LANDING WITH A
RULER. THIS DISTANCE MULTIPLIED
BY THE MAP SCALE WILL GIVE A
CLOSE APPROXIMATION OF AVERAGE
SKIDDING DISTANCE~ASD).

LANDING

Figure III.--Graphic method for determining average skidding distance

when landing is on boundary edge
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Appendix 3-Harvesting Example Problem Method Assumptions

Table 5 .--Harvesting equipment assumptions

Equipment
Efficiency

Equipment Description Fat  tor

crawler tractor (72  hp)* 0.70
rubber-tired skidder (70 hp)* 0.80
rubber-tired skidder (90 hp)* 0.85
tandem-axle  truck (2 ton) 0.80
tandem-axle truck (2 ton) 0.80
knuckleboom loader* N A
repair truck* N A

Cycle Volume
<MQt  Int .  Bdft)

400 - 5:
4 2 0 - 550

1,800
2,000

N A
N A

Scheduled
Hourly

costs  ($1  +

$21.63
19.05
22.30
19.50
20.50
13.00
8.50

+ includes $5.50 per scheduled hour for labor costs
* equipment involved in system move between landings

Table 6 .--Road segment data

R o a d R o a d Road Constructed Sidehill  Cut Fill Building
Section Length Width Slope Slope Rat i o Rat i o Difficulty

(feet> (feet> (%I
a- b 2: 3; -10 '1; )

(feet>  (feet>
1.5 1.5 100

b  - c -8 15 1.5
c- d

E
15 -10 12 1.5 1:;

150
100

d -e 15 -10 1 2 150
e- f 600 14 -8 10 1:; ::; 100
f
f-i 1;

700 14 -10 8 1.5 1.5 150
650

1,250
12 13 -15 -12 20 15 ::5" ::: 100 100

i - j 1,650 12 -6 10 1.5 1.5 100

Table 7 .--Landing construction data

Method
Number

Landing
C o d e
Letter

Distance Average Equipment
From Depth Sys  tern
Harvest Landing of Construction M o v e
Boundary Size cut Difficulty T i m e
(feet> (acres> (feet> Factor (hours)

1 A
2 A
2 .B

:
A
B

t
C
A

t
B
C

4 D

350 5
350 A:6

2,525 1.5
350 0.6

2,525 0.8

3,875350 x
2,525 0:s
3,875 0.9
6,775 1.2

0.3 1.00 0 0
0.3 1.00 0:o
0.4 0.90 2.0

0:4 E

1.00 0.0

0.90 1.00 2.0 1.8
0.3 1.00 0.0
0.4 0.90 2.0
0.4 1.00 1.8
0.3 0.80 2.2

4
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Table 8 .--Skidding data for method 1

Average Fixed Fixed
Area Area Skidding Skidding Trail Cycle

Landing Area Volume Size Distance Distance Slope Time
Code Code (Q+Ynt> (acres) (feet) (feet> (%I Onin>

A 1 65,000 26 485 0 5
A 70,000 28 1,005 265 ;
A

2
40,000 16 525 2,080

r:

A

7"

22,500

459

415 3,700 -5 3

A go, 000 1,180 1,200 -10A 8 4,000 2
2:

4,000 -8 9'
A 9 15,000 10 3,000 -10 11
A 10 12,000 8 285 4,950 -2 11
A 11 24,000 16 1,095 4,550 5 11

A 12 16,000 16 625 5,050 10A :z 27,000 2 7 990 6,230 10 1:
A 15,000 15 570 8,000 5 13
A 18 26,000 13 520 5,740 15
A 21 30,000 15 1,095 5,050 12 ;
A 6,000 170 7,700 10
A 105,000 900 7,225 10 z

Table 9 .--Skidding data for method 2

Average Fixed Fixed
Area Area Skidding Skidding

Landing Area Volume Size Distance Distance 2;: Cyc1eTim!
Code Code (WInt> (acres) (feet) (feet> ($1 bin)

A 1 65 000 26 0 5 7

A 23

82:  40

265A 43 ; h;
B 22:500

16
9 :;

2,080 2 ::
10 7

B
ii

12,500 190
go"

12

B 7
10 :

go, 000 455 630 0 -2B 4,000 2
285 CE

1,300 -8 i
i 15,000 990

12,000
10 8

24,000 16
1,680

-10 -10 11 11

B 11
B

::

16,000 16 YE
1,290 -2
1,780 5 1:

B 27,000 27 990 10B 14 2,670
18

15,000 570 5,050 10 ;;
B 26,000 ;; 520 2,080 5
B 2 3”61g; 15 1,095 1,880 15 99

BB 23 105:OOo 3: 170 3,660 12900 4,260 10 5"



Table 10 .--Skidding data for method 3

Average Fixed Fixed
Area Area Skidding Skidding Trail Cycle

Landing Area Volume Size Distance Distance Slope TiUE
Code Code (WInt) (acres> (feet) (feet) (46) Onin)

A 1 65,000 26 485 0 5
A 57,500 23 820 265

::
A t 40,000 16 525 2,080 2 7

B 22,500 ; 415B ii 12,500 '90 iii: 1012 s

B ii go, 000 45 630 0 -2B 4,000 2 zz; 1,300 -8 ;
B 9 15,000 10 990 -10 11
C 10 12,000 8 285 790 -10 11
C 11 24,000 16 1,095 -2 11
C 12 16,000 16 625

30:
5 13

C 13 27,000 27 990 1,390 10 13
C 14 15,000 570 3,660 10 13

C 18 26,000

1;

520 790C 21 30,000 15 1,095 300 1: x

C 22 6,000 3: 170 2,480 12C 23 105,000 900 2,870 10 z

Table 11 .--Skidding data for method 4

Average Fixed Fixed
Area Area Skidding Skidding Trail Cycle

Landing Area VoluuE? Size Distance Distance Slope TiltE
Code Code (WInt) (acres) (feet) (feet) (%I bin)

A 1 65 000

;p;

26 405 0 5 7
A

2
23 820 265

A 16 2,080 ;
B
B ii

22;500
E y;

12,500 ii '90 iii: 12 ::

B ii go,ooo 45 630 0B 4,000 2 1,300 2 ;
B 9 15,000 10

1,095 g;
990 -10 11

: 10

1:

24,000 12,000 16 8 790 0 -10 -2 11

C 6,000 6 490 :;
C

:;
10,000

37
270

z: 1;

D 37,000
zii:

500 1:
D 17 15,000 1; 13

D 20 16,000 '2 335 2,noOD 21 30,000 15 1,170 200 43 x

D 22 6,000 3: 170 2,820D 23 105,000 720 150 z





Appendix 4-Equipment Specifications

Table 12 .-Equipment horsepower and weight characteristics
for selected crawler tractors

Equipment
Make &Model

Case 350
450
850
1450

Caterpillar D"f-;;

D5-DD
D6-DD

John'Deere  JDJD;$

JD550

International TD-7EPS
TD-8E-PS
TD-15c-PS

Kormtsu  D'+5A-1

zz

Massey-Ferguson MFE

MFSWB

Equipment
Horsepower
(net engine)

3 9

z
130

FE
105
140

z;
72

65
7 8

140

90

110 140

65
85
136

Equipment
Weight
(bare, pounds)

%O 05

13:OOo
23,800

l~,~O
13,990
19,200
24,000

8,160
11,600
12,300

10,459
13,834
24,153

18,340

22,200 28,220

14,700



Table 13 .--Equipment horsepower and weight characteristics for
selected rubber-tired skidders

Equipment
Make & Model

Athey S-97D

Caterpillar 518
528

Clark Ranger 664B
666~

. 668~

Equipment Equipment
Horsepower Weight
(net engine) (bare, pounds)

97 l6,250

120 20,400
175 28,300

82 15,890
112
166

17,855
24,480

Franklin 531
132
170
185

International ~8

John Deere JD440-B
JD540-A
JD640
JD'i'40

io” 12,000
17,840

112 18,740
775 24,140

86 13,100

'9::
12,250
16,150

110
145

19,900
26,700

Pettibone 100 93 14,950

Timber Jack 208D 67
225

12,300
92 12,784

Tree Farmer C5D 90
C6D

15,890
120 18,180
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Appendix &Data Card Types

The following 17 data card types are used in L-O-S-T to describe organized
input data for the harvesting methods, areas, road segments, landings, and
equipment. Unless otherwise stated, all input data is to be right justified.
Input variable names beginning with INTf3GER  letters (I,J,K,L,M,  or N) do not
require decimal points. Input variable names beginning with REAL letters (A-H,
&  O-Z) do require a decimal point in the input field location shown. Although
harvest volume units of pounds, l/4”  Int. board feet, cubic feet, or cords may be
used, once a unit has been selected it must be used throughout the analysis.
The input data for the harvesting example shown in Appendix 6 should be used
to supplement the data card type descriptions given below.

Card  Type 1: (required; one card)

64 cc
/-I ATITLEO  harvesting problem title--_I- w-w

Card Type 2: (required; one card)

2 cc

'-'

5 cc
u NDZR

7 8cc
/// NSKD- -

10 11 cc
/// NTRK- -

13 cc
/-I ICTRAT

15 cc?
l-1

17 cc
/,I,

I L P A N A

L P C D E

number of methods analyzed
(minimum of 2 and a maximum of 4)

number of crawler tractors (l-5)

number of rubber-tired, cable skidders
(l-10)

number of trucks (l-10)

number of user supplied constraints
(O-4); allows limits on number of
hours permitted for harvesting
functions considered

linear programming  option code:
= 0 if linear prograazning  analysis

is performed
= 1 if linear programming  analysis

is not performed

= 0 if no intermediate matrices are
printed; the normal case

= 1 if intermediate matrices are
printed; is helpful in understanding
sensivity analysis
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Card Type 3: (squired;  one card)

1 cc
/-,

/3/ / / / / / / / /
12 cc
/, - - - - - - - - I

1 4 18 mcc
/ / / / /./ / /- - - - - - -

26 28 cc
12? / / / / / /- - - - A - -

35 cc
,3; / / / /,--A-

IUNIT

HARVOL

PRODPC

SYSMHC

DFTBTM

Type  4: (required; one card for

4 cc
/'/ / / /---A

6 9 cc
1 /./ / /- - - -

14 16
/'J / / / / /-,-I-,

; NDZR  cards required;
each crawler tractor building roads
cards adjacent)

DZRHPO net horsepower of crawler tractor;
(Table 12, Appendix 4)

DZREFO crawler tractor efficiency (ie. 0.80)

cc
DZRHCO hourly crawler tractor and operator

cost ($/hr)

Type 5: (required; one card for
cards adjacent)

4 cc
/'/ / / /---I XDHPO

11 cc
/T / / / / /----,A smwT( 1

/7 / /
16 cc
/-I,- SUXFO

36

unit code for volume;
= 1 for pounds
= 2 for 1/4"  Int. board feet
= 3 for cubic feet
= 4 for cords

total volume of harvested timber
in same units as coded for IUNIT

selling or delivered price in normal
selling units tie.  $/l,OOO board feet)

hourly cost ($/hr) to move pertinent
equipment to the next landing; not an
hourly move-in cost

distance in miles from mill to'harvest
boundary or start of constructed woods'
roads (can be zero if analyzing trucking
within harvest boundary)

each skidder; NSKD cards required;

net skidder horsepower;
(Table 13, Appendix 4)

weight of unloaded skidder in pounds;
(Table 13, Appendix 4)

skidder efficiency (ie. 0.75)



18 21 23 cc
/ / / /./ / /_I----- s(DHC  ( ) hourly skidder and operator cost ($/hr)

Card Type 6: (required; one card for each truck; NTRK cards required;
cards adjacent); note: travel speeds must be > 0.

A / /
4 cc
/--L-

6 9 cc
/ / /./ /_I---

14 cc
1’: / / /m-z-

1 6 19 cc
/ / /./ /--c-

,‘: / /
24 cc
/,-A-

26 29  cc
/ /./ / /--we

31 38  40 cc
/ / / / / / / /./ / /_)---------

42 45 47 cc
/ / / /./ / /m-m---

lKTENw(  >

llmAJw(  >

TKTEMD()

TKTLWDO

TKPTPC  ( )

TKEFO

TKVOL(  )

TKHCO

empty truck travel speed in mph over
non-woods road (Table 2, Appendix 1)

loaded truck travel speed in mph over
non-woods road (Table 2, Appendix 1)

empty truck travel speed in mph over
woods road (Table 2, Appendix 1)

loaded truck travel speed in mph over
woods road (Table 2, Appendix 1)

fixed time per cycle in minutes; can
include delays, stops for fuel, etc.

truck efficiency (ie. 0.80)

average truck volume (Tables 3 & 4,
Appendix 1); same units as IUNIT in
card type 3

hourly truck and operator cost ($/hr)

ad type  7: (required; one card for each method; NMETH  cards  required;
cards adjacent)

1 cc
lJ IMmio method number (l-4)

4 cc
//I- - IRDSEG()  number of road segments for this method

(O-20)

7 cc
Li ILANDN()  number of landings for this method

(1-N

Type 8: (required; one card for each landing for each method;
cards adjacent)

method number--not number of methods
(l-4)
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4 cc
‘-’

7 cc
///--

10 cc
///- -

JNA

Card Type 9: (required; one card)

1 cc
'-'

m-~-A me-- 4n- I---..1 -e-i. --- ---2 O-- each road segment for each method;l;ara lype IV; (reyurreu; UIlt:  USI-u LUI
cards adjacent)

1 7 cc
/ / / 1 / / 1.1 ROAJXL----m-s length of road segment in feet; if

there are no road segments code a
0 (zero) in card coluum  6 and then
skip other variables on this card type

landing number--not number of landings
(l-8)

number of areas for this landing
(l-25); not area code number

maximum value of any area code number
for this landing; is equal to JNA only
if areas are numbered consecutively

control card which follows the last
card type 8 and must have a 0 (zero>
coded in card column 1

9 12 cc
/ / 1.1 1- - - -
14 18 cc

/ / / 1 1.1---me

ROADSW

ROADSP

20 24 cc
/ / / / 1.1 ROADSS---we

26 28 30 cc
/ / /./ / / ROADCR- - a - -

32 34 36 cc
/ / /./ / / ROADFR- - - - -

38 42 cc
/ / / / /./ ROADTY--m-w

segment road width in feet

percent slope (+,-I or road segment in
direction of construction

percent slope
adjacent road

(+ only) of side-hill

cut ratio; rise in cut per 1 foot of
base (ie. 1.50)

fill ratio; drop in fill per 1 foot of
base (ie. 1.50)

road construction difficulty code;
= 10 for road constructed under
adverse conditions or for high volume
truck traffic

= 500 for road constructed under average
conditions

= 1000 for road constructed under
favorable conditions

38



= 2000 for road constructed under
very favorable conditions, or the
up-grading of an existing road

= 3000 for landing constructed under
average conditions

note: intermediate values (ie. 520, 760)
can be used; trial and error
techniques may be required to obtain
desired or expected times and costs

Card Type 11: (required; one card)

1 cc
/.l ILDZR input order number of crawler tractor

in card type 4 that will be used to
construct all landings (ie. if the
second crawler tractor in card type 4 is
used, then code a 2 in card column 1);
only one crawler tractor is permitted
to construct landings

Card Type 12: (required; one card for each landing for each method; cards
adjacent; input all landings for first method, then all
landings for second method, etc.)

DSFTBO distance in feet this landing is from
harvest boundary as measured along
woods road

13 cc
,'"/ /JJ- - ACRESL landing size in acres

15 18 cc
/ / /./ /- - - -

20 23 cc
/ /./ / /e--w

CUTL

EFFL

average depth in feet of earth removed
in constructing this landing

landing construction difficulty factor;
must be greater than 0.0; suggest:
= less than 1.00 for difficult sites
= 1 .O for average sites
= greater than 1 .O for favorable sites

29 cc
,‘F / / / /,,-I- SYSMHR number of hours required to move

equipment to this landing; not a move-in
time, but a system move between landing
time; should be 0 (zero) for the first
landing

Card type  13: (required; one card for each area for each method;
cards adjacent)

1 cc
lJ method number
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3 cc
'-'

5 cc
///- -

6 14 cc
/ / / / / / / / /./- - - - - - - - -

15 20 cc
/ / / / / /./- - - - - -

21 28 c~
/ / / / / / / 1.1- - - - - - - -

36 cc
/"9/ / / / / / /' /, , - - - - - A

37 44 cc
/ / / / / / / /./- - - - - - - -

46 48 50 CC
/ / /./ / /--m-B

56 cc
/5'/ / / / /,---'

58 61 cc
/ /./ / /- - - -

ILN

IAN

A C

landing number

area code number

area volume in same units used for
variable IUNIT  in card type 3

area acres

average or minimum skidding distance in
feet for this area; if AN=AX (next
variable) average skidding distance
option is assumed and skidding time
is not based on integration (dx)

average or maximum skidding distance in
feet for this area; if AX=AN (last
variable) average skidding distance
option is assumed and skidding time
is not based on integration (dx)

fixed skidding distance in feet from
landing to start of harvest area; is 0
(zero>. if landing is located on edge or
inside of harvest area; this is actual
travel distance and not straight line
distance (Figure I, Appendix 2)

correction factor adjusting straight
line skidding distance to actual
distance traveled by skidder inside an
area; suggest 1.86; use 1.00 for no
correction

slope of skid trail (+,->  in percent,
measured in travel loaded direction

difficulty factor code used to
provide more sensitivity for actual
skidding conditions on each area; can
be used to model increased skidder
interactions, multiple skidders on
small areas, or adverse skidding
conditions;
= less than 1 .OO for adverse skidding

conditions or high skidder interaction
= 1.00 for average skidding conditions

and no significant skidder interaction
= greater than 1 .OO for very favorable

skidding conditions and no skidder
interactions
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63 66
/ / /./ /
-B-v

C C
AT average fixed skidding time per cycle in

minutes (ie.  hooking, unhooking, decking)

Card Type 14:  (required; one card)

1 cc
Li control card which follows the last card

type 13; must have a 0 (zero> coded in
card colufi

Card Type 15:  (required; one card for each method, for each landing, for each
area, for each skidder; cards adjacent)

1 cc
1-1

4 cc
/-I

KM method number ( l-4)

KL landing number (l-8)

7 cc
///- - K A area code number; same as IAN in

card type 13 8

10 cc
///- - KS skidder input order number; must be in

same sequence as coded in card type 5.

20 cc
/%////////- - - - - - - - A - SKVMN average or minimum volume skidded per

cycle; if SKVMN=SKVMX (next variable)
average skid volume is assumed and
skidding time is not based on
integration (dv);  volume ranges (Table 1,
Appendix 1);  volume must be in same
units as used for variable IUNIT in
card type 3

/‘: / / / / / / / ,#:--------A-
cc

SKVMX average or maximum volume  skidded per
cycle; if SKVMX=SKVMN (last variable)
average skid volume is assumed and
skidding time is not based on
integration (dv); volume ranges
(Table 1, Appendix 1); volume must be in
same units as used for variable IUNIT in
cat-d  type 3

Card Type 16: (required; one card for each landing for each method; cards
adjacent)

1 cc
l-1

4 cc
/-I

ITMN

ITLN

mathod  number (l-4)

landing number-(  l-8)
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6 9 cc
/ /./ / /---- T K T V C F truck  speed correction fat tor ; ref lee ts

change in truck travel speed as a
function of distance traveled over
woods road; ratio of ending travel speed
on woods road to beginning travel speed
on woods road; a value of 1.00 would
indicate the use of average travel speed

Card Type 17:  (optional; use only if adding constraints for number of hours;
use only if value of ICTRAT in card type 2 is greater than zero;
one card required for each constraint; cards adjacent; most
often used after one computer analysis has been made without
upper bound constraints; upper bound values are usually not
know in advance of an initial unconstrained analysis

1 cc
/-I

I31 / / / / / /
10 cc
/-,--,--A

ICSTFO constraint code:
= 1 if supplying upper bound on road

construction hours
= 2 if supplying upper bound on landing

construction and system move hours
= 3 if supplying upper bound on skiding

hours
= 4 if supplying upper bound on trucking

hours

upper bound value of constraint in hours
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Appendix 6-Harvesting Example Problem Input Data

HYPOTHETICAL HARVESTING EXAMPLE: 4 METHODS
4 12 2201

2 567500. 95.00 50.63 30.5
72. 0.70 21.63
70. 14175. 0.80 lg.05
90. 16675. 0.85 22.30

34.0 28.0 8.3 5.3 15.0 0.80 1800.00 lg.50
34.0 26.0 8.3 5.0 15.0 0.80 2000.00 20.50
1 1 1
2 5 2
3 7 3
4 9 4
1 11623
2 1 3  4
2  2 1 4 2 3
3 13 4
3 2 5 9
3 3 923
4 1 3  4
4 2 5 9
4 3 419
4 4 623
0

350. 15.0
350. 15.0
450. 15.0
325. 15.0
800. 15.0
600. 14.0
350. 15.0
450. 15.0
325. 15.0
800. 15.0
600. 14.0
700. 14.0
650. 13.0
350. 15.0
450. 15.0
325. 15.0
800. 15.0
600. 14.0
700. 14.0
650. 13.0

1250. 12.0
1650. 12.0

1

-10.
-10.
-8.

-10.
-10.
-8.

-10.
-8.

-10.
-10.
-8.

-10.
-15.
-10.
-8.

-10.

-l"ai
-10:
-15.
-12.
-6.

10. 1.50 1.50 100.
10. 1.50 1.50 100.
15. 1.50 1.50 150.
12. 1.50 1.50 100.
12. 1.50 1.50 150.
10. 1.50 1.50 100.
10. 1.50 1.50 100.
15. 1.50 1.50 150.
12. 1.50 1.50 100.
12. 1.50 1.50 150.
10. 1.50 1.50 100.
8. 1.50 1.50 150.

20. 1.50 1.50 100.
10. 1.50 1.50 100.
15. 1.50 1.50 150.
12. 1.50 1.50 100.
12. 1.50 1.50 150.
10. 1.50 1.50 100.
8. 1.50 1.50 150.

20. 1.50 1.50 100.
15. 1.50 1.50 100.
10. 1.50 1.50 100.

350. 1.5 0.3 1.00 0.0
350. 0.6 0.3 1.00 0.0

2525. 1.5 0.4 0.90 2.0
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350.
2525. ;.i

o:g
;.;
0:4

;A;
0.0

3875. I:OO
2.0
1.8

6775. 1.2 0.3 0.80 2.2
1 1 i-
1 1 2
1 1 4
1 1 5
1 1 '7
1 1 8
119
1 110
1 111
1 112
1 113
1 114
I 118
1 121
1 122
1 123
2 1 1

3
2 2 5
2 2 6
2 2 7
2 2 8
2 2 9
2 210
2 211
2 212

; %
2 21E
2 221
2 222
2 223
311
313
314
3 2 5
3 2 6

;zi

; ;1:
3 311
3 312

; $43
3 318
3 321
3 322
3 323

65000.
70000.
40000.
22500.
90000.
4000.

15000.
12000.
24000.
16000.
27000.
15000.
26000.

%i:  l

105000:
65000.

zEt*
22500:
12500.
90000.
4000.

15000.
12000.
24000.
16000.
27000.
15000.
26000.

3Ei*
105000:
65000.

zE*
22500:
12500.

g:::i*
15000:
12000.
24000.
16000.
27000.
15000.
26000.

?E*
105000:

26.
28.
16.

4;:
2.

10.
8.

16.

ii?
15.
13.
15.
2 .

2:
23.
16.

59:
45.
2.

10.
8.

16.
16.
27.
15.
13.
15.
2.

2:
23.
16.

;:
45.
2.

10.
8.

16.
16.
27.
15.

:;:

3::.

485.
1005.
525.
415.

1180.

z?
285:

1095.
625.
990.
570.
520.

1095.
170.
900.
485.
820.

z:;*
190:
630.

z;*
285:

1095.
625.
990.
570.
520.

1095.
170.

I2
820.
525.
415.
190.
630.

z;*
285:

1095.
625.
990.
570.
520.

1095.
170.
900.

485.
1005.
525.
415.

1180.

Go5:
285.

1095.
625.
990.
570.
520.

1095 l

170.
900.
485.
820.

E
190:
630.

F-E:
285.

1095.
625.
990.
570.
520.

1095.
170.
900.
485.
820.
525.
415.
600.
630.

2255'
285:

1095.
625.
990.
570.
520.

1095.
170.
900.

0.
265.

2080.
3700.
1200.
4000.
3000.
4950.
4550.
5050.
6230.
8000.
5740.
5050.
7700.
7225.

0.
265.

2080.
990.
600.

0.
1300.
990.

1680.
1290.
1780.
2670.
5050.
2080.
1880.
3660.
4260.

26;:
2080.
990.
600.

0.
1300.
990.
790.

3000:
1390.
3660.
790.
300.

2480.
2870.

1.9 5. 1.00 7.0
1.9 -2. 1.00 7.0
1.9 -3. 1.00 7.0
1.9 -5. 1.00 7.0
1.4 -10. 1.00 9.0
1.4 -8. 0.90 9.0
1.4 -10. 1.00 11.0
1.4 -?. 1.00 11.0
1.4 +5. 0.95 71.0
1.5 +10. 0.85 13.0
1.5 +lO. 0.90 13.0
1.5 +5. 0.90 13.0
1.5 +15. 0.80 9.0
1.7 +12. 0.90 9.0

1:; +lO. +lO. 1.00 1.00 5.0 5.0
1.6 5. 1.00 7.0
1.6 5. 1.00 7.0
1.6 -3. 1.00 7.0
1.6 10. 1.00 7.0
1.6 12. 1.00 7.0
1.6 -2. 1.00 9.0
1.6 -8. 1.00 9.0
1.6 -10. 1.00 11.0
1.4 -10. 1.00 11.0
1.4 -2. 1.00 11.0
1.4 5. 0.95 13.0
1.4 10. 0.85 13.0
1.9 10. 0.90 13.0
1.5 5. 0.90 9.0
1.5 15. 0.80 9.0
1.5 12. 1.00 5.0
::; 10. 5. 1.00 1.00 7.0 5.0

1:; -3. 5. 1.00 1.00 7.0 7.0

1.6 10. 1.00 7.0
1.6 12. 1.00 7.0
1.6 -2. 1.00 9.0
1.6 -8. 1.00 9.0
1.6 -10. 1.00 11.0
1.7 -10. 1.00 11.0
1.7 -2. 1.00 11.0
1.7 5. 0.95 13.0
1.7 10. 0.85 13.0
1.8 10. 0.90 13.0
1.8 5. 0.90 9.0
1.8 15. 0.80 9.0
1.8 12. 1.00 5.0
1.8 10. 1.00 5.0
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4 1 1 65000.
4 1 3 57500.
414 40000.

EZ 22500-12500.
427 90000.
4 2 8 4000.
4 2 9 15000.
4 310 12000.
4 311 24000.
4 315 6000.
4 319 10000.
4 416 f7xItI.
4 417
4 420 16000:
4 421
4 422 3Ec-
4 423 105000:
0
1 1 1 1
1 1 1 2
1 1 2 1
1 1 2 2
1 1 4 1
1 1 4 2
1 1 5 1
1 1 5 2
1 1 7 1
1 1 7  2
I 181
118 2
1 1 9 1
1 1 9 2
1 110 1
1 110 2
1 111 1
1 111 2
1 112 1
1 112 2
1 113 1

: :1::
1 114 2
I 118 1
1 118 2
1 121 1
1 121 2
1722 1
1 122 2
1 123 1
1 123 2
2 1 1 1
2 1 1 2
2 1 3 1
2 1 3  2
2 1 4 1
2 1 4  2

26.
23.
16.

59:
45.
2.

10.
8.

16.
6.

n5:
15.
8.

15.

3;:

400.
460.
450.

:;:-
470:
450.

z-.

E:
420.
510.
550.

Et

Fig:

490:
450.
490.
450.
490.
450.

go"-
490:
450.
490.
450.
490,
400.
460.
450.
470.
450.
470.

485.
820.

E
190:
630.

ZE-
285:

1095.
490.
270.
900.
450.
335.

1170.
170.
720.

2:
450.

:::-
;;i$  :

g :
.

?i::
420.
510.
550.

$2

~~:
450.
490.
450.
490.
450.
490.
450.
490.
450.
490.
450.
490.
450.
490.

E:
450.
470.
450.
470.

485. 0. 1.9 5. 1.00 7.0
820.

600.

265.

600.
630. 0.

285: zz;-
1300.

2::- .

790. 990.

1095.

2080. 990.

0.,
490. 300.
270. 790.
900. 500.
450. 0.

1.6 12.

1.4

1.00

5.

7.0
1.6

1.00

-2.

7.0

1.00 9.0

1.9 1.6

1.6

-3. 10.

-8.

1.00 1.00

1.00

7.0 7.0

9.0
1.6 -10. 1.00 11.0

1:; -10. -2. 1.00 1.00 11.0 11.0

1:; -5. -5. 0.95 0.90 13.0 9.0

::; -4. -5. 0.900.90 13.0 13.0
335. 2370. 1.5

1170. 200. 1.5
li0. 2820. 1.5 4. 1.00 5.0
720. 150. 1.5 6. 1.00 5.0
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2 2 51
2 2 5 2
2 2 61
2 2 6 2
2 2 7 1
2 2 7 2
2 2 8 1
2 2 8 2
2 2 91
2 2 9 2
2 210 1
2 210 2
2 211 1
2 211 2
2 212 1
2 212 2
2 213 1
2 213 2
2 214 1
2 214 2
2 218 1
2 218 2
2 221 1
2 221 2
2 222 1
2 222 2
2 223 1
2 223 2
3 1 1 1
3 1 1 2
3 1 3 1
31 32
3 1 4 1
3 1 4 2
3 2 51

'3 ; 56 :
3 2 6 2
3 27 1

; ; ii :
3 2 8 2
3 2 9 1
3 2 9 2
3 310  1
3 310  2
3 311 1
3 311 2
3 312  1
3 312  2
3 313 1

; ;143 :

; ;:i :
3 318  2
3 321 1

4 6

400.
420.
400.
420.
460.

Ek
420.
510.
550.
460.
490.

Z:
450.
490.
450.
490.
450.
490.
450.
490.
450.
490 l

450.
490.

t/g
400:
460.
450.

E
470:
400.
420.
400.
420.
460.

E?
420:
510.
550.
460.
490.

g::
450.
490.
450.

400.
420.
400.
420.
460.

Eii:
420.
510.
550.
460.
490.
500.

E
490.
450.
490.
450.
490.
450.
490.
450.
490.
450.
490.

:5:*
400:
460.
450.

z;;*
470:
400.
420.
400.
420.
460.

E:
420.
510.

E:
490.

2%
450.
490.
450.
490.
450.
490.
450.
490.
450.



3 321 2
3 322 1
3 322 2
3 323 1
3 323 2
4  1 1 1
4  1 1 2
4 1 3 1
4 1 3  2
4 1 4 1
4 7 4  2
4 2 5 1
4 2 5 2
4 2 61
4 2 6 2
4 2 7 1

zx:
4 2 8 2
4 2 9 1
4 2 9 2
4 310 1
4 310 2
4 311 1
4 311 2
4 315 1
4 315 2
4 319 1
4 319 2
4 416 1
4 416 2
4 417 1
4 417 2
4 420 1
4 420 2
4 421 1
4 421 2
4 422 1
4 422 2
4 423 1
4 423 2
1 1 0.95
2 1 0.95
2 20.90
3 1 0.95

; : :*g
4 1 0:95

:: : ti%
4 4 0:80

:
120.0
600.0

//

490.
450.
490.
450.
450.
400.
460.
450.
470.
450.
470.
400.
420.
400.
420.
460.
500.
400.
420.
510.

E:*
490:

%:
450.
490.
420.
470.
430.
460.
440.
480.
450.
490.
490.
520.
450.

F$*
510:

490.
450.
490.

E*
400:
460.
450.

E
470:
400.
420.
400.
420.
460.

ZC:
420.
510.
550.
460.
490.

2
450.
490.
420.
470.
430.
460.
440.
480.
450.
490.
490.
520.
450.

E:
510.
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Appendix LHarvesting  Example Problem Output Data

TITLE 14-S-T R U N = HY”OTHETICA1 H A R V E S T I N G  EXACPLE: 4  HETHCOS
N U U B E R  O F  RETHODS= 4

N U M B E R  OF r)DZERS= 1
NUMlER O F  SKIDOERS= 2

N U M B E R  O F  T R U C K S =  2
LP  ANlrlYSIS C O D E =  0

LP CUTf’UT CODE= 0
a U S E R  CCNSTRAIMS= 2
H A R V E S T  VOLUME’= 5 6 7 5 0 0 . I N T .  BOARC  F E E T
P R I C E  I N  SELLING U N I T S  (St= 9 5 . 0 0
H O U R L Y  L A N D I N G  POVE  C O S T  fs)= 50.t3
DISTAYCE F”OM  W O O D S  E D G E  TC FILL  I%tILES)= 3 9 . 5

*,*********t********+**********
DOZE’?  E O Z E P D O Z E R W-NJRLY

LUMBER UP E F F I C C O S T

1 7 2 . 0 . 7 0 2 1 . 6 3

t***~**k**f*i*~***+***+t*++L*
2 1 . 6 3

***+*,*******r**i************************$*********

SKI!lDER
S K I D D E R SK IODER SKII?DER SKIOOER Hawit

vU*RFp WORSF~DWER WE I GHT CFFIC C O S T

: 90. 70. 16675. 14175. o.es G.80 22.30 19.05

*+*****+********+**********************************
4 1 . 3 5

*++*****+****t*****+***o******************************************************
**  fl(lf+WOODS  **  *****  yf. lQl js ****
T R A V E L T R A V E L TRaVEl T R A V E L F IXFD

FM”TY LOAOEO Et4pTY LOdOE T IrlC CYCLE TRUCK
TP{JCK SPEED SPEED SPEED SPEED F E R ‘IRUCY 1 RUCK HOURLY

NUHR ER N P H H=H N@H WH I . 0 4 0 E F F I C VolUnE cos 1

: 34.00 34.00 26.00 28.03 8.30 6.30 5.00 5.3lJ 15.00 15.00 o.ao 3.83 2GO0.W’ 1800.00 20.50 19.56

*****+**t****+*****************+***************************************

4 0 . 0 0
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N U M B E R N U M B E R
N E T H O O R O A O O F
NVNBER  SEG”ENTS  L A N D I N G S

1 1
2 5 :
3 I 3
4 9 4

,F,*BE9
Y F T H O ! , L A N D I N G O F *4xiriJ*  4REA
N U Y B F R N U W E R A R E A S C G C E  hUWeER

RObC OCbC
YIOTI! S L C F E

C U T FlLL aCAD
ZLCPE SLOFE 7YFE
R A T 1 0  O A T J O C C D F

1 3 . c -JO. I”. I.50 1 . 5 0 lOi?.

13.0 - J O . J O . 1.30 1.30 lC3.
J3.0 - 9 . J5. 1 . 3 0 1.52 130.
J3.0 - J O . 1 2 . 1.50 1 . 5 0 Inn.
15.0 -13. J Z . 1.30 1 . 5 0 130.
1 4 . 0 -e. J O . 1.50 1.50 100.

1 5 . 0 - J O .
13.3 - 3 .
1s.u -10.
1 5 . 0 -JU.
1 4 . 0 -e.
1 4 . 0 - J O .
1 3 . u - 1 5 .

J O .
15.

:::
10.

a .
20.

1.33 1 . 5 0 100.
1.50 1 . 5 0 150.
1.30 1.3a 1ro.
1.3” 1.30 13”.
I.50 1.5r) 100.
1 . 5 0 1 . 3 0 150.
1.50 1.50 L O O .

JS.0 - 1 0 .
J3.C -e.
J 5 . J -10.
13.0 - 1 0 .
1 4 . 0 -2.
1 4 . 3 -JJ.
1 3 . 0 -1s.
1 2 . 0 - 1 2 .
1 2 . 0 - 6 .

10.
15.
1 2 .
1 2 .
J P .

2::

:::

1 . 5 0 1.5tl 100.
1.50 1 . 5 0 130.
1 . 5 0 1 . 3 0 100.
1.W 1 . 5 0 150.
1.30 1 . 3 0 100.
1.30 1 . 3 0 150.
1 . 5 0 1.50 1p.
1.30 1 . 5 0 lQ0.
1.53 1 . 3 0 1 0 0 .

CUBIC ACFES SEGNEPlI
Vl“DS  CLLAFFP H O U R S

46.9 0.J 1 . 9
4 6 . 9 0 . 1

170.177

7 . 9 173.n7
7.8 lOY.JU
7 . 1 1 6 7 . 3 8

1 2 . 7 274.t.r
1 3 . 0 2 8 6 . 2 3

7 . 9
7 . n
7 . 7

12.7
1 3 . 0

1:::

1 7 0 . 0 7
1 6 9  . o o
167.38
2 7 4 . 6 7
2 8 0 . 2 3
2 0 2 . 7 3
3 6 0 . 6 9

::I:
7.1

1 2 . 7
1J.U

6 3 . J 0 . 3 9 . 4
138.8 n . 7 16.  r
176.3 0.4 2 7 . 1
1 4 1 . 3 0 . 3 3 2 . 3
9 4 3 . 3 2 . 6

J70.07
169.W
167.38
2 7 4 . 6 1
2 8 0 . 2 3
2 0 2 . 7 3
340.69
3a7.16
6 9 8 . 4 3

METMOO  HC-lkol~
H O U P S LGSl

1 . 9 170.

I
2

330.
450.
223.
R O D .
600.

2 5 2 5 .

4 6 . 9
9 9 . 2
5 4 . 2

:::1
1
7

3
‘

C.1
0.3
0 . 2
1 . 0

1 3 3 . 3
rn.n

4 0 3 . 6
3

4 9 . 1 IOaJ.

33 ’1 . 46.9 0.1
9 5 . 2 0 . 2
5 4 . 2 (1.  1

1 3 3 . 3 G-5
7 0 . 0 0 . 2
e3.J 0.3

138.8 0.3
6 2 3 . 5 1.6

J
2
3
‘

?25.
3 Q O .
600.
7PO.
,553.

7 4 7 3 .

5
6
I

73.1 1ci3.

350.
&WI.

‘0.9 0. I
0 . 2
0 .  J
0 . 3
0 . 2

c
4

__.
9 9 . 2
3 4 . 2

1 3 3 . 3
iis:
300.
690.
703.
650.

1 2 3 0 .
1 4 3 0 .
6 1 1 3 .

4
4
e
‘

4
5 70.5
6
I
3
P

1
4
4
4 1 3 4 . 6 ZYJO.
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Cl SIIKCC “““I’mz Clvenrct HCUPLl CALCING 1IYflIMG S7SlfP rvstcli  :::t:::
airrciw
wvt  c

*ETwPfI  LAuntNG IRlW C U T OCZEl OOZER EFFIC  BUILOIYG  OUILOlkG WOVE
rdups

COVE L WVING
NIJWEA NWRER  nolJwYA~V ACRES OEPlh “F CCST C O C E CPSl halYf CDS1 HOUP  s ‘““X

: I 1%. 1.q 0 . 3 II. 21 .63 1.an Z.bQ 56.27 4.P u.00 3.71 SO.27
2 1 YSQ. 0.6 0.3 72. 21.63 I .oo 1.04 22.51 0 . 0
2 2 2525. 1 . 5 (1.4 72. 21.63 O.yO 3. IF b7.13 2 . 0
2 2.b4 ‘90.90
3 1 15’1. c.15 0 . 3 72. 21.63 1.00 l.U4 22.S‘ 0 . 0 0.W
3 ? 2szs. 0.8 C.4 72. 21.63 0.u 1.66 35.QO 2.Q IO‘.26
3 Y 3875. 1.5 0.4 72. 2 1 . 6 3 1 . 0 0 2.19 40.42 1.0 PI.13

1
2
:

0.b c . 3
0.3 G.4
0.5 0.4
1.2 0.3

4.31 311.13
72. 21.t3 1.00 1.04 22.51 0 . 0 0.W
72. 21.6’. 0.9Q 1.bt 35.QQ 2 . 0 ‘01.2b
I?. ‘1.63 I.&B l.CC 34.23 91.13
72. ,?I.*? 0. P9 2.eo 54.27 1‘1.39

4.29 4Y4.62

NETtMn
NlJWRF~

:

:

:

:
1

:

:
1

:

:

:

:

:

:
2

:

:

:

:
3

:

:
3

:
3

:

:
3
3
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

lANolNG
WmfP

t

:

:
I

:

:
I

:
I

:

:
2

:
2

:
2
2
2
2
1

:
7

:

:

f

:

:
3
3
I
3
1

:
1

:
?
2
2
2
2
3
3
1
1
4
I.
4
4
4
4

PRE  A
PUnaEC

I
2
4
5
7
s
9

I**

::

::

::

::

:
4
5
b
7

i

:t
12

::
18
21
.? :
a3

:
‘
5
6
1
I

1:
II
12
13

::
21
2?
23

1
3
4
5

;
9

1::
1‘

:;

::
20
2 ‘
23
23

ACEA
vl?Lu*E

bSQ10.
70000.
4wno.
22500.
9ooon.

4000.
1 SO00  .
IPQOO.
24noa.
1aono.
21CGO.
1 sooo.
ztloon.
3GQGG.

LOCO.
105nn0.

CSOQO.
57500.
40030.
ZZYW.
‘2SOQ.
WOOF.

4000.
15000.
12000.
24000.
IbCW.
270~10.
15000.
26009.
wnoo.

4QQO.
lQ!iO7Q.

b$QOi’.
57!!00.
4OOr)G.
?ZYw.
12’00.
WCJO.
4GW.

1 sow.
12EW.
24C00.
16000.
27Qnn.
1 SW?.
26039.
?CFOO.

bOOtI,
‘OWW.
65000.
~75’)O.
40030.
22son.
12500.
WOQG.
4000.

15080.
12000.
24000.

bO9Q.
lGO’)O.
37oon.
15000.
1bOCO.
3ccon.
6000.

10s000.

AREA
ACPES

2t.
20.
le.
9 .

45.

1::
e .

le.

:‘;:
IS.
Ii.
‘5.

3 : :

:::
It.
9 .
3.

45.

1::

1::

:::
IS.
13.
IS.

3 ; :

:::
lb .
5.
Y.

45.

1;:

2".
lb .
27.
‘3.
13.
IS.

2 .
33.
zt.
33.
it.

5 .
5 .

43.

,r:

1::
t .
5.

31.
IS.
a.

‘ 5 .
2.

3s.

*INIKC* MAXIPW
SKICCING SKICOING
UISTAYCE OISTAhCE

415.
WJS.

s25.
415.

IIRO.
275.
F4Q .
285.

109s.
625.
590.
575.
520.

1095.
110.
9-m.
4e5.
C20.
52s.
41s .
‘90.
630.
PTS.
445.
267s.

1095.
621.
990.
570.
520.

IGaS.
‘70.
900.
495.
czo.
525.
415.
190.
t30.
27S.
445.
235.

1095.
tzs.
WV.
L70.
520.

‘095.
l7C.
Ma.
4ns.
etrl.
52S.
415.
190.
b30.
275.
445.
205.

1095.
49G.
no.
WV.
450.
335.

1170.
170.
120.

4CI.
1005.
S2S.
415.

Itan.
27s .
840.
2e5.

1095.
425.
990.
5-m.
‘120.

1095.
‘IO.
900.
4er.
820.
52s.
43s.
‘90.
630.
275.
445.
2Q¶.

1095.
625.
9vn.
57G.
SZG.

1095.
‘76.
900.
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SENSilIV!TV  ANdLYSIS

USEXS  FAMILIAR WlTH  C? SHOULC  BAKE  C#AhGES  Ik
INPUT COSTS ICJI PXD DESOUaCE  LIMITS te.,,  TO
rECOWE  Ea"IL149  WITH  Tt‘F  SENSITIVIII  AhALYSlS  AS I,
APPLIES  70 THE CONVEY-ISCCUAhl-~EldGn  FCQP~LPTIOY
CSFI  ,*I  L-0-S-T

PENALTY COSTS AQC  CH4U;E  IN OUJECTIVE  FUhlClICh  VALUE  FER VCIT
INCREA5F  lhl  NO+DPSIC  VARIAb165.

IO -67.947
11 -t*.42t
1 2 -72.260
13 -41.350
14 -4a.cca
15 -27.053
17 - 4 2 . 7 5 6

2 - 7 6 6 9 . 5 6 3
3 -492.084

P”d SHACOY
NUNSER PRICES

a.000
a.cca
a.coo
0.000
0 .noo
0.000
a.000
0.000
0.000

R A N G E S  R N  NO’,-BISIC CIJI

"9914RLF LOWFF  L,WIT

10 b7.541
il
12
13

::
I?

b4.426
72.2eD
k1.3Sl-l
40.500
27,053
42,7Sh

2 lhC5.563
3 492.8rz4

RbNGES  c-N  A&SIC  CIJI

VdRllBLE 1WFF  LIMIT

1 6 -38559.d50
I!? -22.2&l

1 67.54,
4 - 3 4 i . b r . 4
5 -2543.590

-64.425 ,L737?.P*.O
-hQ3.4?5 Q.POO
-71.Y32 -13.3fl?
-74.dtI ~.O!-l~I

RANGES ON t)tIl

,

50?.500
'74.124

-559999.000
504.219

-99s999.300
-a.c.on

I .OIlD
274.,24
504.ZlY

Is352.7op
30 .  5 4  6

9~C79~.llO4

2543.590
1124.I23
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Appendix 8-L-0-S-T Program Listing

L-o-S-T IS DIVIED  INlU2  ICTIWS;  lIEFIRST§CTIOH
C4mAlESLDGGIffimPH)MsmnCTrwuss
TESEOE~SASIKWFCRMLI~PRWW

_._._ __.. --_-.  .~ ~.
W.R?=QMRSIUdFKU4tl5ICFEETTOBWWFBT

nEsE  cxNmsIcN5  #IE QCY  !Bo  IN xIIDIffi n&  Epr\TI(M

WWR.7O~  (AnllE(IIR),ITR=1,16)
07200  7OFUWT(lW)
073%' YIX~KW.KJ)  (ATIlLE(IlW,IMl,l6)
07403 81 FW%T(H~~/.M.'TI~LE  L-U-S-T w)1='.4X,16W
07503  Gu

Ez
1lX,‘LIlZERS=‘,2X,13./,2X,‘~  CT  %IIZB=‘,2X,I3,/,
24X,%.MER  ff TMU='.2X.I3)

fi%
HW’EW  125WpN9,LFW  ICTWT

crml
125  FCMTt4;  ‘u,  AIy\LtSIS  f.&=’  3X 12 / 6X ‘LP  OVWT  a=‘,

13X,I2,/,2;,‘#  USER  mMIw\IHTs=‘:3X:Ii)  *
mm bbIClRATt5_  _  _  __ __ . . .

ii%

t@tWIWICIPAT+lO

cQ7wcx  zE3oalrKiEAul.LtEiwAY

%K

if%
03  I50  Iimw1.m
w  140 IzAK=l,B

Ei
al 133  Ii!AW1,25
REAVwAw,IzAK.IzAVAb0.o

lo4al  l3=lo%TIME
1m  14oaxTIME
1o6oo.lBCMIHE
107al  cx
108oow(
uJ9wc.x
ll0mC.K  ZOMairZELECEDiWAKLEDINLPSECITO(ffLOSl
lllca  w(
1l.m ill  170  ILul~1.25
11Jx) Ill  160  ILs?-1;25
114al A(Ia22,ICUlbO.o
11503  160  axrIME
llml  170  OxTIME
llxa a,  ls  12om=1,11
11830 m  I83  mJT2d.m
llwo LoxT(Izam,IzalT2bo.o
l2u.B  lfBaINTIKE
12100  lB5o.xTIM

E
03  190 mrr3-1.25
cI(ImJI3mo.~-

%
CtIZM3&O.O
P(IZCUT3bO.O

I2603 crpcIzaJT3)~.o
zJtizaJT3,40
Ivm(Izan3)d).o
KosTuzar3)~.0
w(Izm3)=0.0
af1zon3bo.o
aM12am3bo.0
OP(IZCUT3bO.O
ao(Izanwi.0
W I Z C W 3 b Q . O
ao~UaJr3,~.0
B(IZClJT3bO.O

203  F1RM(T(II.1X,FlO.0.1X.F7.2,1X,F7.2,lX,F5.1)
IFWNIT.EQ.l)I#UTE(kW,250)tWNr

25DFOMT~2X.‘HRWST  WArrrW='@
DWNIT.EQ.2)I

33 FoI(Fy\T(ZX,'tbW

fit%

3%  FCIWTt2X  ‘WMST  WriW  ZtX  Fll.O,Zx,‘~IC  FEY)
IF(IWIT.kJ  4)tRIIEW  3E&Wi

16100
360  FlRWT(2X  YiWiT  Kl.k='  22X,Fil.O,2X,'~',

Km(KIJ.~m)m.s~,h
162m 400  FcRFy\T(PX.'FRIE  IN SU.116  tMl5  W='.l5X.P8.2./.2~.

1693 m-475  IdlB=l.Nm
17ozsl IF~ILNIT.EO.lKOMET~l,IR~~~~.O
in03 B(I~IT.EP.P)UXFET(l,Ia00)L)(sRW1000.0
17200 B~Iu(IT.EQ.3~uMI~1,I~~)~~.O
17x0 ff~I~HIT.EQ.4~~~1,t~oo~LHaR~1.o
17400  47?imTxt4.E
1750l 95ZtC=O.O

6’7



17cIll m  6x1  1a01=1,wR
177WW
178COw(
17933w(-MpE4  -

EE
18203  lx  DZIIpH()=mzB  HRSEFWR;  0ziw0=axol  EFFIcEIMx
183x  W C  DZlw,=mZER  tKw.LY  OMT;  3@x=SDlzEx
184arx  taRlYcosT
l8mwc

ik%
REm(KR  so)Dwp(Iaol)  aP5(IaOl),(;mMffIaOl)

5co  FoF3RTti4  0 1X F4 2 1X Fi  2)
163l.l 94mx&i&&inioii
18900 ~IT(KW,SM))Iam,cmbP(iuO1,,~(IaO1),~(~~01)
1Wll  550  FClWT(QX,I3,2X,F5.0,3X,F5.2,2X,F7.2)
19103  605  awIME
192cn bwTE(I(W,650)91DM:
19303  650  F~T(/,W.29(‘*‘)./,23X,F8.2)
194Ol WIlEWl,7CO)
19500  703  F~l~2~/~.2X,51~‘*‘~,/.46X.‘sKI~‘.~,

:F%
12x,'9(ImER'.6x,'sKIoDER',3x,'sI(IocER',2X,
2'SKI~R'.6X,'HM(LY'./.3X,'KM3ER1,3X,

19m ~'HRSEFDIER'.~X,'YI(;HT',~X,'~IC',~,'~KT~,/)

uwE(w,900)9aKH:
900  FCIMTU 2X R('*') /

mwW:95i))  "
45X,F8.2)

950  FClUMPU) W 78('*')/,%'*  NH-VCCB  *'.. .

Ei26fm
Ei
27100
27Xx)

-UUtDlWE6-

lKlEFuo=lRLKx  lRAbEL  SPEED EWTY  (MR  NB-box6  f@xD
xnrhviux  m~ti  groED  UwED  0w  wwac6  Ro40
lKTEwo=lluKK  TIWEL  SEED  EMTY  WiR  km05  mm
xnw  HIurx lR4KL  SPEED  LWED  cbQ7  urn6  RCPD
lWlFCO=FIXED  TIFE  FfR TRUX  CKLE  IN MINJTES
lKfF(  )=lNJX  EFFICIEW  UE 0.8))
lKHxo=lRLa  KUM

2lKmIwJ3)
Urn  FCHT(5(F4.1JX),F4.2,1X,FlO.2,1Xf;6.2)

!34IKHz~+~:(In(u)
~Ix~Kw,roso~~a03,~~~Iaw~,~~~Ia03~,

i~~(racu);ncnkMrao3),~(Iaw);iw(Iao3),
;7KwIaD3),1Mc(1~03)

1050  F~T(2X,14,3x.F6.2.3XJ6.2.3X.F6.2.4X,F6.2.2X,F6.2,2X,
lF6.2.1X,FlO.2.2X,F7.2)

1100  CONTIME
wx(Ku.ll5O)sMIKHc

1150  F~T(l(/).M.M(‘*‘),/.7W~6.2)
WlEW,1175)

1175 FU1MRT(M./,2X.26(‘*‘),/,1M.‘MEEER’,4X,’KMeER1,/,
1M,'FEMo',6X,'RwD'.8;1,'ff'./,2X.'~',2x,
2'SEQmTS'.2X.'LwIM'./)

27330  CX
27403 Rwl(m,m)Im,IRosEG,IuwD(I~o4)
27503  1200  FcIFy\T(Il,1X,12,lX,I2)
27603 ItftS&uao1)=IFsEG
27703 WI~~KW,12L5~I~MTH,IR,I~~IaM~
27800  M5 FUWT(4X,I4,6X,14,6X.I4)
27905  125JONIKE

WEW  1275)
itit  l275  FUMTU'2X 26('*'),//)
2am WUlECKW:1&
28350  1Bl  F~T(2(/),21,43('*')./.~X,'NuuBER'./,

E
~~x,'~',~X,'WIDIE',~X,~X,'CF',~X,'EYWIMM  MEA',/,
~X,'NVIBER',4X,'~',5X,'PREAS',5X.'CO[E  H)IBER',/)

28ful  lz25aMrIME
287mc.x

~k---VHD,,8-'----
m&K
malw(
29200  WC &?4Hmco  NJ4ER; blA=wolffi  m;
293cuw(  Jm=ti.mRcFmEA5
294aJw( 3.wHwXIn.Mviu.LEffpRu\oxIKMBER;IsM~
29503C&  ASJF#CKVIFPRWA7EEDIN?WfBiC&SEUEHE

EZ
298xJc.Jc

Ri3WR.1350)~wI.U,J*~
1350  F@W1T(fl,lX.I2,1X,I2,lX,12)

lFLJ#.q.om  m 1400
.NwA(JH,~Lw)-3#y
wwEw,l375)~LIN,J,~

1375  FCWsT~4X.14.6X.14.6X.14.14X.13)
a,rntiseee.  .

1400  bRIlEwu*1425)
1425 FUMT(/ 2X 43('*') 2(/l)

mEcm:l4ht  '
145i) F(FWIT(~(/),~X.~~(‘*‘)~,~,‘~‘.~~X,’F~’.~X.’~’,

y,n,'Knm',zx.'~~',3X,'mzw',5x,'ROAD',3X.
2'IM9D',3x,'w#D',3x,'sIoE'.2x,'poR'.~,'~'.4x.'TIpE
31Xx.‘CiBIC’.

,

STPRTCFa,LWBYKnaoHHRWoWSTWTICNTIKS

DO u30 Iaab1.m
SfCE4-0.0
zMax=o.o
IERMR-o.0
93mR=O.O
slamo.0
mm=m(Iacm
Iam?=INcB4(Icu6)
If(lar3Jl.EQ.oHwB?=l
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37aBwc
37103
37200
37333

~~
37600
377aJ

:Ei
38033
381CQ

E
3edul

E
387al

E
3wxJ
39100
39x0
39300

E
396ia
39700

z?l

iiz%z

iEKli
4oxllc.x
4mmw(

iEw(

iii%E
41003  W C
41103  w(
4l2ww(
41Jx)  CJC
414CO  c.x
415u)  c&
41600  LK
41703  c.x
4l@lC&
blK0C.X

i-E
42zw
4ml

9R~=0.20
IWW  = AT#(RolusS/loo.O)*
lWlX3  = ATAWUMUO-
iaaU)SF=l.aw0.Ol4wuSP)~O.~~~
KNFS  = ATPNO@MW*cnxG
cm = mm(m)
m  = rnvwanwaw)~__......._  --.
i i  = w*(1+sftlvF)
A? = OlTANWWWCIW)-
A 3 = scRTMl/A2)
A 0 = louw/2.0*(&1.0)
EK = A4/@3+1.0)
ff  = ((R04LMJ/Z.O)~)/(a(~)~R)
DC = (KMMIW2.0)I@JTkW)TANoBW)CR)
llETA  = 183.m
BASE1  = cC/IAN(R~cTw\D)
WTA  = lBl.O-W’lFS
tV@V  = (l.QI2.0)*(ROaDSW/2.O)*IIWfRTIN(THTA*CmA)
fE&2~=&~~&cw~’

IKmJa/TAN(R(WX3*CTIU\D)
aRU\C~(0.5*((RWOSW/2.0)~~~)~)-(0.5~~)
WUHR = (84sE*lo3l.ov435fao
ITYUKY  = (MEPJ%XO.O)/~~.O
aEEMwpREpcaw6L)/27.0
tws=~ws=~~4~.0

iTiizzE=+
SWOSbO.0

STPRT  ff  O l  LOOP  FCR  COW CBtSTRLCTICN  TIFES

ml  160;1  IIL07=l,NlZR

XcRaffMRs  m BUILD  THIS  Rw  SE(MNI;  WED  oy EWVICN
By  JEARY  mE.R  ‘FKTau  ATEcTIffi  M  -1cN  ANI
COST  I+  LoGGIffi  f4WS”  TVA lEWIW  NllE  627,  EMESSEE
VPLLEY  AUMRITY,  NJWS,  TN,  37828  PPGE  30,  1 9 7 8
EQJTICN  KOIFIED  BY LATER  WLYSIS  INKJ  DIFFERENT f&WI

SEE  FPEICR  WMJTY  F(R THIS  W&lbENI

R(WW\-NIMBCFKRES~~C~&WEORIU~TCF~Y~
lOOPOPE  OMECTICN  FACVR  m
FRXUE  VALES  GIKN IN FIURE  2-Z  ff  TVA lEM  H)TE  827

42zia LRIK~Kw,155o~I~m,Iao5,I~o7,Ro4c6L.~.ldwDsp,

:$$ 1550  llwr&s  F(Y@W;rlX R@m  14 ? ! , X  fuxfm  14 4ic  RWTY  14 lX’F8  aIt3u,mEs,sm,~m  0 1X  F6 l lx F6.0.1X
42831 ~6.0.2X.F~.2:2X~F5~2,~X,~6.~,~,~8.i.l~,~8.~,lX,F8.~,F9.2~

B(NOZR.GI.l)lRITE(KY.l625)Ia05,Iao6.~,~
1625  F@JW+T(4X,I4.5X.I4.8lX.F6.l,F9.2)
lmfmTINE

,/A
l8wOMIH+~  ..

lmEbJupa)
19Ol  WT(/ .l27(‘*‘))

6’&  HJUffi’.4X.‘uIH)Iffi’,
6/,2X,‘MMER’  ,3X,W%R’  ,2x.  ‘my’  .5x.
7’pc~~s’,4~,‘cEpTH’.6X,‘Hp’,4X,‘cMF’.4X.’[ME’,5x.
8’HxRS’,6X,‘a)~‘,4X,‘Hw’,Sx,‘~‘,5x,’H3(RS’,
97X.‘msT’  ./I

469ac.K
47ixxl  w( 1LKR=Itfw  UUER  N.MB  (F  OIZER  us0  m BUILD
471fa  w( LPNJItU... OKY OE DOZER  IS PLLMII  m WILD
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ging Optimization Selection Technique. U. S. Dept. of
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L-O-S-T is a FORTRAN computer program developed to
systematically quantify, analyze, and improve user selected
harvesting methods. Harvesting times and costs are com-
puted for road construction, landing construction, system
move between landings, skidding, and trucking. A linear
programming formulation utilizing the relationships among
marginal analysis, isoquants, and the harvesting methods is
used to estimate and select the harvesting procedure having
maximum profits.
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